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From Clinical to Biomolecular Observations in
Pseudoxanthoma Elasticum (PXE).
I. Ronchetti, D. Guerra, F. Boraldi, G. Annovi and D.
Quaglino.
Department of Biomedical Sciences, University of Modena
and Reggio Emilia, Modena, Italy.
E-mail: ivonne.ronchetti@unimore.it
Main clinical features in pseudoxanthoma elasticum
(PXE) are hard skin papules with laxity and redundancy of
skin especially in flexural areas; fragmentation,
neovascularization and haemorrhages of the retina; medium
size vessel haemorrhages and thrombosis. All clinical
alterations are due to mineralization of elastic fibers in the
absence of any general alteration of the ion balance. X-ray
microanalysis applied to wet samples of PXE skin revealed
that elastic fibers accumulate calcium and phosphate with the
hydroxyapatite ratio. Calcification occurs within elastic fibers
in all districts of the body (figure 1), sometimes without
clinical relevance, as in lung. Calcified elastic fibers, in fact,
have been found in the reticular dermis, in the Bruch’s
membrane of the retina, in the oral and anal mucosa, in the
wall of both arteries and veins, in the esophagus, stomach and
intestine, in trachea and lung. Calcification spots can be
observed in the cortex of kidney, in brest and testiculus. All
tissues examined had a variable number of calcificed elastic
fibers. Therefore PXE is a systemic disorder due to
calcification of elastic fibers. There is great variability among
patients as to the areas of calcification and the severity of
clinical manifestations.

thalassemia or γ-carboxylase, suggesting that calcification of
elastic fibers can be the final result of converging altered
metabolic pathways, or that other genes may be involved. We
genotyped PXE patients for the ApoE variants, as the ApoE
protein is transported by VLDL and LDL to peripheral cells
together with vitamin K, that has been recently observed to
be lower in PXE patients and to be important for the γcarboxylation of Matrix Gla Protein (MGP), a small calciumbinding protein necessary to keep free calcium concentration
low in the extracellular space of soft connective tissues. Data
have shown that, similarly to controls, in PXE patients, the
ApoE4 allele is associated with higher levels of cholesterol
and LDL and that the cardiovascular score increases from E2
to E3 and E4, suggesting the ApoE4 allele is an additional
factor risk for cardiovascular manifestations. Moreover, the
severity of clinical manifestations has been shown to
correlate with the reduced antioxidant/oxidant ratio in the
circulation of patients, as PXE patients manifest a lower ratio,
compared to controls, of reducing agents (TAS, -SH groups,
GSH), and a higher level of oxidated proteins and lipids at all
ages compared to controls. Interestingly, the same redox
unbalance, associated with structural and biochemical
alterations, has been found also in fibroblasts isolated from
patients. Moreover, PXE fibroblasts exhibit altered
expression of proteins of the endoplasmic reticulum involved
in vitamin K recycling (figure 2), as down-regulation of PDI
(a stimulator) and up-regulation of CALU (a negative
controller) of MGP γ-carboxylation [1].
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FIGURE 2. Protein disulfide isomerase (PDI) and calumenin
(CALU) expression in PXE fibroblasts and their role in vitamin-K
recycling.

FIGURE 1. a) calcified elastic fibers; b) scars in the retina of a PXE
patient.

Mutations in the gene encoding for the membrane
transporter MRP6 are responsible for PXE and to date more
than 200 mutations have been identified. There is no
correlation between clinical manifestations and gene
mutations. The physiological role of the “PXE” protein is still
unknown, however its mutations lead to several connective
tissue abnormalities involving, beside elastic fibers, the
whole extracellular matrix as well as cells. Interestingly,
there are clinical features almost identical to those in PXE in
patients affected by alterations of genes encoding for beta-

We suggest that elastic fiber calcification, in PXE, as
well as in other disorders, is a locally controlled process
probably mediated by circulating factors, among which a
generalised redox unbalance, and by gene modulation of local
mesenchymal cells.
Financial support from EU (GENESKIN and ELASTAGE)
and PXE-International. The collaboration of PXE Italia
Onlus is gratefully acknoeledged.
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How long and wide is the evolutionary history of the
decoran-collagen fibril interactions which organise
extracellular matrices?
John E. Scott1, Jordi Bella2,
1
Chemical Morphology, Stopford Building,
2
WellcomeTrust Centre for Cell-Matrix Research, Smith
Building, University of Manchester, M13 9PT UK.

Introduction

2. Orgel J. P.R.O., Eid, A., Antipova, O., Bella, J., & Scott, J.E. (2009)
Decorin Core Protein (Decoron) Shape Complements Collagen Fibril
Surface Structure and Mediates Its Binding. PLoSONE 4 e7028.
3. Erlinger, R., Welsch, U., & Scott, J.E. (1993) Ultrastructural and
biochemical observations on proteoglycans and collagen in the mutable
connective tissue of the feather star Antedon bifida (Echinodermata,
Crinoidia). J.Anat., 183, 1-11.
4. Park H., Huxley-Jones, J., Boot-Handford, R.P., Bishop P.N., &
Bella, J. (2008) LRRCE: a leucine-rich repeat cysteine capping motif
unique to the chordate lineage. BMC Genomics 9, 599.

Proteoglycan (PG, e.g. decorin, now decoran) anionic
glycosaminoglycan (AGAG) interfibrillar bridges are found in
all vertebrate extracellular matrices (ECMs) associated at sites
in the collagen fibril d & e bands (DS rich) and a & c bands (KS
rich), probably via pentapeptide-motives (e.g GDRGE) [1,2].
Apparently similar ultrastructures are found in echinoderms [3].
Nevertheless, a motive LRRCE which is characteristic of
decoron and other leucine-rich repeat proteins is missing from
non-chordate genomes [4]. We therefore compare vertebrate
with echinoderm PGs to investigate how decoran-collagen fibril
interactions have evolved.

Materials and Methods
PGs/AGAGs were located electron microscopically by staining
with Cupromeronic blue in critical electrolyte concentration
(CEC) mode. Positive staining of collagen banding patterns used
uranyl acetate. Negative staining for gap and overlap zones used
phosphotungstate. Aminoacid sequences of collagen molecules
were from Swissprot. Searches for decoron-like DNA sequences
in genomes were carried out by PROSITE and BLAST.
Sea cucumber and featherstar PGs were extracted with 6M urea
and purified by fractional precipitation with cetylpyridinium
chloride.

Results and Discussion
Echinoderm PGs/AGAGs regularly associated with specific
bands in the collagen D-period repeat pattern. These patterns
are too different to allow comparisons with vertebrates.
However, PGs/AGAGs were always attached at the the gap
zone, as in vertebrates. Collagen pentapeptide motives
presumably equivalent to those seen in vertebrate collagens
could be inferred from sequence alignment.
The aminoacid composition of sea cucumber PG had many
similarities to, but also significant differences from, that of
bovine corneal decoron. Mass spectrometry of trypsin fragments
of the PG protein showed no significant similarities to those of
any other protein in the data bases.
Key elements of the PG interfibrillar shape modules [1] are
present in the echinoderms featherstar , holothurians [3] and in
sea urchins. Echinoderm AGAGs are chondroitin sulphate-based
[3], as in vertebrates. Iduronate (in DS) is present in tunicates.
However decoron-like DNA sequences were absence from
genomes of invertebrates [4]. Our data suggest that other PG(s)
may replace decoran in echinoderms and hence, speculatively,
in other animals.

References
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Impaired fibril formation by pepsin-extracted type II
collagen: preliminary results.

M.Raspanti 1, S. Deleonibus2, M.E. Tira3 and R. Tenni3
1
Department of Human Morphology and 2Department of Exp.&
Clin. Biomedical Sciences, Insubria University, Varese, Italy
3
Department of Biochemistry, University of Pavia, Italy
E-mail: mario.raspanti@uninsubria.it
Type II collagen appears only in cartilages, where it
coforms mixed fibrils with collagen types IX and XI in a molar
ratio of approximately 8:1:1. Cartilage fibrils show a very rightskewed diameter distribution, and large, straight fibrils with a
broad diameter range coexist with a population of thin fibrils
with a highly uniform diameter of 15-20 nm (depending from
the imaging technique).
As a natural extension of our previous research on type I
collagen fibril formation and their interaction with small
leucine-rich proteoglycans, we arranged a similar experimental
setup to obtain type II collagen fibrils in vitro. Pepsin-extracted,
highly purified type II collagen was suspended in 10 mM
phosphate and 130 mM NaCl at a concentration of 0.5 to 1
mg/ml and incubated at 36 °C for 3 hours to overnight. Decorin
was added in some fibril formation experiments, with a protein
weight ratio of 5 parts of collagen and 1 part of decorin.
Fibrils were collected on polylysinated glass plates and
dehydrated with graded ethanol and HMDS. The specimens
were either immediately observed by tapping-mode atomic force
microscopy (TM-AFM) with a Digital Instruments Nanoscope
IIIa Multi-Mode microscope, or gold-coated and observed with
a FEI XL-30 FEG field-emission scanning electron microscope
(FE-SEM). Measurements were carried out on selected
micrographs with ImageJ v1.41.
Our specimens were found to contain a very scarce fraction
of precipitated material, mostly represented by a network of
slender, flexuous unbanded filaments unordinately branching
and merging. In three distinct experiments these filaments were
found to measure 15.75 ± 1.79 nm, 16.40 ± 2.14 nm and 16.44 ±
1.85 nm in diameter (n=100 in all cases), where the small
discrepancies are likely to be due to differences in metal coating
or in dehydration. Decorin binds to this network in an equally
disordered and random way, and neither interfibrillar bridges
nor any regular layout were observed.
The network embedded a few large, straight fibrils with
diameters ranging from 40 nm to over 100 nm. These fibrils
exhibited a normal cross-banding and an evident longitudinal
striation, and usually ran straight and stiff for several microns,
thus appearing completely different in nature with respect to the
above-mentioned network. Thin (20 nm) banded fibrils were
never observed. The TM-AFM and FE-SEM pictures were
always entirely consistent.
Other authors [1] reported the thin fibrils of cartilage as
being composed by exactly fourteen microfibrils, two of type XI
and twelve of type II; in addition the type XI is critical to their
formation [2], and when its content drops below approx. 10%
the thin fibrils coexist with SLS and other tactoids [2],
consistently with previous data [3].

The lack of thin banded fibrils is therefore consistent with
our experimental setup, based exclusively on collagen II. Their
absence may also contribute to explain the modest yield in solid
material we observed, as may the absence of other factors
known to have a catalytic effect of fibril formation in vivo
without being themselves part of the end-product [4].
The formation of large, straight, banded fibrils from a
solution of pure type II collagen clearly suggest that they have a
different composition, and possibly a different architecture, than
the thin fibrils composed of collagen II + XI. This is reminiscent
of the ability of type I collagen to form fibrils of different
architecture in different tissues in association with collagen III
and V [5], and of the ease with which these entirely different
architectures were often confused in the past.
It is essential to assess correctly the functional significance
and the molecular interactions network of the distinct
populations of type II collagen. Further research is underway.
The authors thank the Large Instruments Centre of the Insubria
University for making available the Scanning Electron and the Atomic
Force microscopes.

FIG.1. The two components of the matrix formed by collagen II are
readily distinguishable. TM-AFM, field of view = 2 x 2 μm.
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The Structural Organization of Aortic and Pulmonary
Heart Valves: Impact of Cell and Collagen Removal

Spina M 1, Gallo P 3, Bagno A 3, Gerosa G 2, Naso F 1,
Gandaglia A 2
1
Department Experimental Biomedical Sciences,
2
Department Cardiac Thoracic and Vascular Sciences,
3
Department Chemical Processes of Engineering,
University of Padova
E-mail: spina@bio.unipd.it

Decellularized xenogenic tissues have been considered
as possible alternatives for developing tissue engineered heart
valve (HV) equivalents to overcome the drawbacks of nonviable
mechanical HV devices currently used as major valve
substitutes. However, questions concerning scaffold architecture
and main component contribution to the physiological
performance of native HV are still pending as well as concerns
about modifications induced by the decellularization process
itself. In this study we have investigated the effect of cell and
collagen removal on the dimensional parameters of porcine
aortic and pulmonary HV leaflets.
Wet surface area (wSA), volume (wV) and weight (wW),
thickness, axial parameters, free edge length (fEL) of valvular
leaflets from aortic (AR) and pulmonary root (PR) were
measured before and after cell removal by means of a detergent
based procedure (TriCol) [1] reported to preserve main
structural features of HV scaffolds. Moreover, the subsequent
removal of collagen by autoclaving [2] allowed isolation and
characterization of a coherent elastic fibre scaffold still
preserving the internal structural organization and the external
shape of the parent sample.
Cell removal did not significantly affect wSA and wW values of
the leaflets treated in situ while it caused sizable decrease of
such parameters in samples treated after excision from the wall.
Conversely, thickness was slightly but significantly reduced also
in in situ-treated aortic (AL) (-13%) and pulmonary leaflets (PL)
(-19%) while substantially affected in excised samples (-25%
and -40%, respectively). Removal of collagen by autoclaving
resulted in the isolation of a coherent elastic fiber scaffold (EFS)
exhibiting greatly reduced wSA, wW and thickness with respect
to native AL and PL samples (Table 1). Particularly the fEL of
the EFS decreased by about 50 % with respect to both native AL
and PL while the resulting general shape mimicked that of the
parent leaflet. At variance the ratio between radial and
circumferential axis increased of about 64%. Like in humans,
the three porcine AL and PL exhibited different sizes within
each AR and PR. However the wSA of different AL and PL was
not differently affected by detergent-driven cell removal.
Slight variation of the original wSA and substantial volumetric
retraction after cell removal indicated that the tridimensional
elastin network was significantly pretensioned in the direction of
thickness by the presence of cells and some other components
removed by such procedure. However considerable reduction of
wSA upon further removal of collagen and residual GAG
revealed the presence of a substantial natural preload also along
the radial and the circumferential direction. Noteworthy the

retraction was anisotropic as the circumferential axis retracted
more than the radial one.
Particularly, measurements of the fEL, where the elastic fibres
are aligned side by side, revealed that in native leaflet at zero
pressure the elastin fibers were naturally strained by about
150%. As during the cardiac cycle leaflets are strained
circumferentially by a further 10-20% these elastic fibres are
expected to withstand considerably greater tension than that
exerted if they were almost non-pretensioned as currently
assumed.
Therefore at zero pressure the elastic fiber scaffold of native HV
leaflets appeared to be three-dimensionally pre-loaded at a much
higher rate than previously reported for any other vascular
structure.

FIG. 1. Aortic coronary leaflet before decellularization (TriCol) and
isolation of its elastic fiber scaffold by autoclaving.

Table 1. Dimensional retraction (Δ%) of aortic and pulmonary
leaflets after isolation of the elastic fiber scaffold.
Surface area
Free edge length
Radial axis
Thickness

Aortic
61
49
22
75

Pulmonary
65
52
27
80
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Amyloid-like fiber formation from Elastin-derived
peptides .
A. Pepe, B. Bochicchio, F. Delanay, M. Lorusso,
Tamburro†
Department of Chemistry, University of Basilicata, Italy
E-mail: antonietta.pepe@unibas.it
†This talk is dedicated to Professor Antonio M. Tamburro who

A. M.

passed

away on 23 June 2009

Elastin provides recoil to tissues subjected to repeated stretch,
such as blood vessels and the lung. The functional form of the
protein is that of a large, highly crosslinked polymer that
organizes as sheets or fibers in the extracellular matrix. In most
tissues, elastin production begins around the time of midgestation and peaks near birth and during the early neonatal
period. It then drops dramatically and is nearly completely
repressed by maturity.
Elastin turn-over is almost absent in normal physiological
conditions. However, elastin degradation has been observed
during several pathological and physiopathological processes.
As a matter of facts, metalloproteinases (MMPs) such as
gelatinase A (MMP-2), gelatinase B (MMP-9), matrilysin
(MMP-7) and the macrophage metalloelastase (MMP-12) are
efficient elastases expressed in diverse pathologies associated
to strong elastin degradation .
The degradation of elastin by elastases produces not only a loss
in elasticity of the involved tissue, but leads also to the
generation of elastin fragments,in many case biologically
active. For example, elastin fragments are involved in matrix
remodelling and exhibit potent chemotactic activity for
leukocytes, stimulate fibroblast and smooth muscle cell
proliferation, and display proangiogenic activity as potent as
VEGF [1].

EX30:
EX30_17
EX30_D
EX28:
EX32:

GLVGAAGLGGLGVGGLGVPGVGGLG
GLVGAAGLGGLGVGGLG
VGAAGLGGLGVGGLGVPGVGG
GAAVPGVLGGLGALGGVGIPGGVV
GAAGLGGVLGGAGQFPLG

FIG. 1. Elastin sequences able to form amyloid-like fibers.

Several reports have evidenced the presence of deposits
containing elastin fragments, called elastotic material in lung
alveoli in the case of acute interstitial lung disease, as well as
in photodamaged skin. However the nature of the aggregates is
not well established. Could they be of amyloid nature?
This hypothesis is supported by the observation that several
elastin fragments are prone to form amyloid structures in vitro
[2,3]. The motif considered to be responsible for amyloid
fibrillogenesis is (XGGZG)n X, Z = Val and/or Leu found
principally in the N- and C-terminal regions of the tropoelastin
sequence.
In order to investigate a possible role of elastin fragments in

the formation of amyloid-like aggregates we synthetized and
performed physico-chemical studies on several elastin-derived
polypeptide sequences, containing the consensus sequences
responsible for amyloidogenesis (Figure 1).
The presence of amyloid-like fibers has been assessed by: (i)
molecular studies (CD and FT-IR spectroscopies), confirming
the presence of β-sheet rich structures for the aggregated
fibers; (ii) amyloid specific assays, such as Congo–red
birefringence assay (Figure 2) and ThT fluorescence assay; (iii)
supramolecular studies (AFM, TEM).
Furthermore, we synthesized and analyzed some elastin
peptides, whose sequences were reported as elastolitic
products, resulting from enzyme cleavage (MMP-12) of the
human skin elastin [4].
Our data demonstrate that several elastin peptides, among
those synthetized, are prone to give rise to amyloid-like fibers
in vitro. The possible biological significance of these results
will be discussed.

FIG. 2. Congo red stained EX30 peptide fibers viewed by crosspolarization microscopy. (Top) bright field.; (bottom) cross-polarized
light. Reprinted with permission from [3].
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Versican Expression during development Xenopus
laevis.

S. Campo1, M Ori2, A. D’Ascola1, G. Nastasi1, GM. Campo1,
A. Avenoso1, P. Casini2, R. Fede1, I. Nardi2, R. Perris3, A.
Calatroni1.
1
Department of Biochemical, Physiological and Nutritional
Sciences, University of Messina Italy; 2Department of Biology,
Unit of cellular and Developmental Biology, University of Pisa,
Italy; 3COMT – Centre for Molecular and Translational
Oncology, University of Parma, Italy.
E-mail: scampo@unime.it
Versican is a main proteoglycan (PG) of the
extracellular matrix of most connective tissues and primary
organs including brain. Due to its size and structure complexity
it is involved in many biological processes including cell
differentiation, proliferation and migration both during diverse
stages of development and in the adult [1]. Again because of the
compositional complexity of both the core protein and its
glycosaminoglycan (GAG) side chains, versican is known to
interact with a variety of ECM and non-ECM molecules, and an
additional intricacy in the molecular interplays of versican is
supported by the versatile forms that derive from the expression
of several splicing variants. This results in dynamic
modifications of the microenvironment in which versican is
present.
In order to contribute to the identification of the fine processes
that allow versican to affect the development, we have previously
characterized the full-lengh cDNAs of two different versican
genes (variants V0-1 and V0-2), and six spliced isoforms in
Xenopus laevis embryo [2]. Of these variants three were type V1
(isoforms V1a, V1b and V1c), two were type V2 (isoforms V2a
and V2b) and one was a type V3 isoform. Recently, we also
evaluated the gene expression of all Xversican variants during
stages 5, 18, 27 and 38 of development. Our preliminary results
show that both the V0-1 and V3 variants are expressed during all
developmental stages. Thus, amphibians seem to strongly differ
from what seen in avians and mammals where the V3 isoform
show a late appearance in development. In addition, in Xenopus
embryos the V0-1 and the short V3 versican isoforms are
inversely modulated with the V0-1 mRNA progressively
decreasing during development and V3 mRNA progressively
increasing from stage 5 to 38.
We further validated the gene expression data at the protein level
by Western blotting focusing on embryos at stages 5, 18, 27, 38,
41 and 45 and using a panel of about 30 anti-bovine/human
versican and anti-GAG antibodies, including both antibodies
generated in our laboratory and antinbodies previously described
in the literature. Two antibodies, that showed a good crossreactivity against Xversican, were used throughout the study.
Versican isoforms were identified by comparison with a
molecular weight marker, while the results were normalized
against the optical density of actin used a calibrator.
Immunoblotting largely confirmed the transcriptional expression
data (Fig. 1): the relative levels of the V0-1 variant decreased,
whereas the amount of the V3 isoform increased during
development.

Figure 1. Immunoblotting, with home made 5D5 anti-bovine versican
antibody, showing relative expression levels of Xversican V0-1 and V3
isoforms at the indicated developmental stages after SDS-PAGE on 412% gradient gels run under reducing conditions and after chondroitinase
ABC digestion of the embryo lysates.

Our results support the hypothesis that the parental versican
isoform V0-1 may be one involved in the developmental
biological events early in embryogenesis requiring a matrix
assembled by large macromolecules. By the contrary the
unglycosylated V3 isoform participates in the assembly of a less
hydrated and diversely assembles matrices that may be
favourable for late organogenesis.
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Effect of chain size on the ability of chondroitin
sulphate to reduce cell damages caused by oxidative
stress or inflammatory injury
A. D’Ascola, A. Avenoso, S. Campo, G. Nastasi, A. Calatroni,
G.M. Campo
Department of Biochemical, Physiological and Nutritional
Sciences, section of Medical Chemistry, School of Medicine,
University of Messina, Policlinico Universitario, I-98125 –
Messina, Italy
E-mail: alberto.calatroni@unime.it
Chondroitin-4-sulphate (C-4-S) chains obtained from
different tissues are heterogeneous in both structure and size:
however, their interactions with proteins, priming the
mechanisms of their influence on biological processes, are not
well known. More details are available for other GAGs, and the
binding oligosaccharide sequences and/or their location on the
polysaccharide chain appear conclusive motifs. In
Heparin/Heparan sulphate interaction with proteins, binding to
selected oligosaccharide sequence with appropriate spacing is
often requested [1]. While oligo and polysaccharides act
differently in Hyaluronan (HA): HA fragments show
inflammatory effect targeting Toll-like Receptor-4 (TLR-4),
while high molecular mass HA manifests anti-inflammatory
effect by blocking TLR-4 [2]. The question is whether the size
of C-4-S chain may differently affect cellular metabolic
pathways, as for HA. In the present work we compared in
human fibroblasts the effects of iron plus ascorbate induced
oxidative stress and in murine articular chondrocytes the effect
of lipopolysaccharide (LPS) treatment, without and with
previous addition to the culture medium of two types of C-4-S
molecules: the commercial available C-4-S from bovine trachea,
and a human plasma GAG preparation, mainly composed of C4-S with a chain size 50% shorter than the commercial one.
Furthermore, the effect on cellular parameters of the addition of
commercial C-4-S was compared in human chondocytes with
those obtained by adding oligosaccharides originated from the
same C-4-S by testicular hyaluronidase treatment. Finally, we
tried to add our contribution to the debate whether orally taken
C-4-S (for therapeutic use, for instance) reaches blood stream in
polysaccharide or intestinal generated oligosaccharidic form.
The antioxidant effect of plasma GAG preparation resulted
generally similar to that of commercial C-4-S; plasma C-4-S
appears more efficient in preventing superoxide dismutase
depletion and protein carbonyl group formation, while less able
to prevent DNA fragmentation: however, cell mortality is also
better reduced by plasma GAG compared to commercial C-4-S,
suggesting the the efficiency originates in a higher cell number.
Cell mortality reduction due to the addition of the two C-4-S
chains of different size resulted more similar in murine
chondrocytes treated with LPS, although at high doses plasma
GAGs were less cell-protective. That underlines the significance
of the more pronounced effect of plasma GAGs in counteracting
the rise of cytokines induced by LPS treatment. The LPS
stimulated protein production increase of tumor necrosis factor
alpha, interleukin 1beta, interleukin 6, interferon gamma,
inducible NO synthase, and caspase 3, as well as DNA binding

activity of the nuclear factor kB (NF-kB), are reduced by plasma
GAGs with respect to commercial C-4-S by percent values
between 40 and 90 % at the low dose (identical reduction of
LPS induced cell mortality) and between 20 and 60 % at the
high dose (plasma GAGs reduce LPS mortality 30% less than
commercial GAGs). Only LPS induced NO concentration
increase was reduced by plasma GAGs 50% less than by
commercial C-4-S. We suggested that the antioxidant activity
of C-4-S is dependent upon the decrease of ROS production
(and effects) by its ability to chelate metal ions (iron in this
case) by means of correct spatial disposition of carboxylate and
4-O-sulphate anionic groups [3]. Such disposition is the same in
both commercial and plasma C-4-S, and the antioxidant activity
is superimposable, in spite of the different chain size. The chain
size dependent different results on GAG reduction of LPS
induced cell damage would support the hypothesis that GAG
anti-inflammatory effect is not based only on the reduction of
ROS production by chelating effect. We proposed a TLR-4
modulation in the mechanism of inhibition of NF-kB activation
by GAGs [4], and the chain size could have some influence in
this modulation. The results of the preliminary experiments on
the effect of hyaluronidase-produced C-4-S fragments (size of
tetra to octasaccharide ) on human cultured chondrocyte would
suggest that the influence may reverse the effect, as shown for
HA [2]. Although C-4-S inhibits NF-kB traslocation in
experimental arthritis in mice [5], commercial C-4-S added to
human chondrocyte in culture very slightly affected the NF-kB
activation: however, when C-4-S fragments were added, the NFkB levels increased two to three times the normal level, with
dose dependent effect. So, C-4-S fragments appear to be proinflammatory, while longer C-4-S chains may show antiinflammatory effect. Further studies are needed to verify such
suggested parallelism between HA and C-4-S. The natural
production of C-4-S short fragments in the body has still to be
proved. In this work, our study on oral taken C-4-S
bioavailability showed that the rise of plasma GAGs levels
following intake was limited, only between 60-100 % of the
normal value, rapidly recovered at 4 hours. However, absolutely
no presence was detected in plasma of C-4-S fragments, of the
type previously isolated from pathological blood samples. In
conclusion, these preliminary experiments appear to suggest that
for C-4-S, as for HA, the anti-inflammatory effect depends upon
the chain lenght: perhaps in a more complex way, as expected
for a still largely unknown, highly sophisticated molecule as C4-S.
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Events such as follicle development, oocyte maturation
and ovulation occur by the influence of pituitary derived
gonadotrophins and follicle-derived oestrogen, and all of these
processes involve inflammatory-like mechanisms [1].
Accordingly, the inflammatory features of ovulation include
extracellular matrix degradation, vascular changes, the
expression of chemokines, cell adhesion molecules and
integrins, and the ultimate recruitment of leukocytes from the
circulation [2]. Following ovulation, anti-inflammatory
mechanisms counteract the original ovulation-associated
inflammatory processes.
Glycosaminoglycans (GAGs) play important roles in the
immune system responses because of their ability to interact
with cytokines and chemokines, resulting in the localization of
these proteins onto the endothelial cell surfaces or inside the
ECM, where they direct and promote leukocyte migration and
activation. The main circulating GAG is a low sulphated
chondroitin sulphate that is present as proteoglycan and is
referred to as bikunin (in blood) or urinary trypsin inhibitor
(UTI, in urine) [3]. Bikunin occurs in blood as the light chain of
inter-α- inhibitor (IαI) family and is a selective inhibitor of
serine proteases. It is important in modulating inflammatory
events and even shutting them down. Furthermore, by analyzing
the amounts of urinary GAG in the fertile women at three time
points of the menstrual cycle, we have recently found significant
differences between the menstrual, ovulatory, and luteal phases
[4].
The aim of this study was to elucidate the complex
relationships between inflammation markers and reproductive
axis, by analyzing the possible changes of circulating
inflammatory plasma indicators such as CRP, leptin, and GAGs
in women with either ovulatory or anovulatory menstrual cycles.
The study comprised 18 healthy volunteers with regular
menstrual cycle, sorted into two groups according to the
presence of ovulatory or anovulatory menstrual cycles.
Blood samples were collected at different time points during the
menstrual cycle: at the menstrual phase (days 2-3), periovulatory
phase (days 12-13), and luteal phase (days 23-24). CRP and
leptin concentrations were measured by enzyme immunoassay.
GAGs were isolated by using ion-exchange chromatography on
DEAE-Sephacel and quantified as hexuronate. The structural
characterization of chondroitin sulphate (CS) isomers was
performed by FACE (Fluorophore Assisted Carbohydrate
Electrophoresis).

In women with ovulatory cycle, plasma GAG levels differed
significantly during menstrual cycle, with increased values at the
periovulatory respect to the menstrual phase. CS isomer content
showed significant fluctuations during ovulatory menstrual
cycle and higher values in ovulatory cycle respect to the
anovulatory cycle at the periovulatory phase. No significant
differences in CRP and leptin concentrations were observed
through the menstrual cycle in both the examined cycles, but
inter-group analysis revealed significant differences of CRP and
leptin levels between the ovulatory and anovulatory cycles with
higher values at periovulatory phase in the ovulatory cycles.
In conclusion, the modifications we observed were mostly
related to both total GAG concentration and CS isomer content.
We did not observe their fluctuations during menstrual cycle in
the anovulatory cycle, to further demonstrate that the ovulation
is an inflammatory-like phenomenon.

FIG. 1. Levels of chondroitin sulphate isomers (μg/mL) in the three
phases of both ovulatory and anovulatory cycles

This work was supported by a grant (n.1012/2009.0408) from
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The mechanisms by which the excess genetic material of
chromosome 21 results in the dysmorphologic features of Down
syndrome (DS) are largely unknown. A reason of the specific
phenotypes of the individuals could originate from a
perturbation of extracellular matrix (ECM). Collagen type VI
(COLVI) is an ECM component that has three chains, α1 and
α2. Each chain contains a short triple-helical region and globular
extensions at the N and C terminus. COLVI molecules associate
laterally in an antiparallel fashion into dimers that are stabilized
by disulfide bridges. The dimers aggregate further into tetramers
that are secreted into the extracellular matrix, where they join
end to end into microfibrils. COLVI is thought to participate in
cell adhesion and migration through interaction with member of
the integrin receptor family or the NG2 proteoglycans. The
genes that encode the α1 and α2chains of COLVI, are located in
chromosome 21, though for the chain α3, the gene is located in
chromosome 2. An extra chromosome in DS could result to
differences in the quantity of collagen VI, altering also its
physiologic properties. Hyaluronan (HA) is a component of the
connective tissue and is present in the ECM of most vertebrate
tissues. It plays an important role in several cellular events, such
as proliferation, migration and adhesion, whereas it is implicated
in many morphogenetic processes during vertebrate
embryogenesis [1]. Perturbations in hyaluronan levels can lead
to dramatic changes in tissue homeostasis. An alteration in its
metabolism could also be involved in the pathogenesis of
several structural defects of DS. Wharton’s jelly (WJ), the ECM
of umbilical cord (UC), is composed of an insoluble fibrillar
network of different collagen types, within which soluble open
coil polysaccharides are held. Of these, the predominant one is
HA and a smaller part (30%) is formed by protein linked
sulphated glycosaminoglycans (GAG). Although HA has been
shown to play a crucial role in embryogenesis and tissue
remodelling, limited information is available on the hyaluronan
UC-ECM regulation during pregnancy. Moreover, several
studies have demonstrated that the composition of the UC-ECM
is influenced by a number of conditions occurring during
pregnancy, such as preeclampsia, diabetes, intrauterine growth
restriction and aneuploidy. In particular, nuchal skin biopsies of
trisomy 21 fetuses have shown that the dermis and subcutis is
richer in HA compared to that of healthy fetuses. Interestingly, it
has been shown that HA interacts with COLVI [2]. Therefore,
we have decided to investigate the HA synthesis in normal and
Down syndrome human UCs during pregnancy. In order to
verify this phenomenon and to study the functional role of both
COLVI and HA in the ECM, we decided to use human skin

fibroblasts of healthy and DS individuals. Tissue distribution of
HA
and
collagen
type
VI
was
assessed
by
immunohistochemistry using biotinilated-HA-binding protein
(bHABP) and monoclonal antibody against collagen type VI
(COL6A1/A2). The gene expression of COL6A2, COL6A3, the
three hyaluronan synthases and the hyaluronidases (HYAL-1
and HYAL-2) was studied using the real time PCR. HA content
was measured by fluorophore assisted carbohydrate
electrophoresis (FACE) after specific enzymatic digestions and
derivatization, and the molecular size was measured by gel
filtration chromatography (FPLC). Human skin fibroblasts
obtained from healthy and with DS individuals were cultured in
DMEM medium enriched with high concentration glucose, 1%
glutamine, 1% antibiotics and 10% fetal bovine serum, in a 95%
humidified and 5% CO2 environment. Experiments were
performed when cells reached the confluence. Cells were lysed
in urea buffer and protein extracts were analyzed using the SDSPAGE and the western blot techniques. For the identification of
collagen type VI, antibodies against the α1 and α2 chains were
used. The HA of the conditioned media was analyzed as
described in the tissue extracts.To allow comparison, normal
and DS UCs were matched for gestational age.
Immunohistochemistry revealed that DS UC was richer in
collagen type VI and that in normal UC HA was present mostly
in the subamniotic zone, while in DS UC HA was more
homogenously distributed from the subamniotic zone to the UC
vessels. Real time PCR results suggest that COL6A2 is more
expressed in DS UC than in normal. Additionally, a higher
expression of HAS 2 and a lower expression of HYAL 2 were
found in the Wharton’s jelly of DS fetuses in comparison to that
of euploid fetuses. Finally, the HA content of DS UC was
significantly increased compared to normal UC, as expected
from immunohistochemistry and real time PCR experiments.
FPLC results showed, additionally, a significant portion of HA
molecules with reduced molecular size. Interestingly, the above
results were in accordance with the results of cell culture
analysis. More specifically, western blot analysis of the α1 and
α2 chains of COLVI obtained from the total cell lysate showed a
higher amount in the trisomy 21 cell lines, confirming the data
obtained from human UC analysis. Additionally, Real-Time
PCR showed a higher gene expression of COL6A2 and
consequently a higher ratio of COL6A2/COL6A3. Using the
FACE analysis, we demonstrated the elevated level of HA
production in the trisomic cells. To sum up, our results showed
an elevated amount of HA and COLVI in human UC and skin
fibroblasts of foetuses and individuals, respectively, with DS.
We observed additionally a higher gene expression of COL6A2,
suggesting the gene dosage effect obtained from the extra copy
of the chromosome 21. The interaction of HA with COLVI and
the perturbation of COLVI in the ECM could explain the
increase production of HA.
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The figure below reports a box plot analysis of densitometrically
quantified expression of MMP-2 and MMP-9. Black line within
the box represents the median, boxes show the quartiles and bars
indicate the minimum and maximum value.

Breast Cancer Patients
5.0×10 5
4.0×10 5
3.0×10 5
2.0×10 5
1.0×10 5

P2
M
M

M
M
P2
Pr
o-

M
M

P9

0
M
M
P9

Breast cancer is one of the most common types of
cancer affecting women in the world today. It is the leading
cause of cancer related death for women aged between 35 and
55 years worldwide. Distant metastases are the principal cause
of death. An essential process in forming distant metastases is
the degradation of the extracellular matrix allowing tumor cells
to invade local tissue, intravasate and extravasate blood vessels
and allow new metastastasis formations. This process is
primarily influenced by the activity of proteinases secreted by
the tumor and capable of breaking down components of the
extracellular matrix. Under physiological conditions (e.g. tissue
remodelling, angiogenesis, ovulation, wound healing) there is a
precise regulation between proteolytic degradation and
inhibition of proteolysis; this physiological balance seems to be
disrupted in cancer. Matrix metalloproteinases (MMPs) appear
up-regulated in almost every type of cancer and their expression
is often associated with a poor prognosis for patients. Most
investigators have focused on the expression profile of the two
gelatinases, MMP-2 and MMP-9, due to their ability to degrade
type IV collagen, a major component of the basement
membranes separating the epithelial cells from the underlying
stroma. The MMP-2 activity is under the control of the
activator, membrane type-1 MMP (MMP-14), and the tissue
inhibitor of metalloproteinases TIMP-2. An MT1-MMP/MMP2/TIMP-2 axis plays a key role in the invasive behaviour of
many tumors.
The aim of our study was to explore activity levels of
MMP-2, MMP-9 and MMP-14 within the primary tumors of
breast cancer patients and to investigate their possible mutual
correlations and with standard prognostic parameters.
For this study we have analysed 100 tissue samples
obtained after surgical removal and immediately frozen until
used. Protein extraction was performed in the absence of
reducing agents.
MMP-2 and MMP-9 activity levels were assayed by Gelatin
Zymography while the expression levels of MMP-14 were
assayed by controlled Western Blot analyses. Quantification of
gelatinolytic activities and Western Blot intensity levels was
performed by the ImageQuant TL. Box-plots and Pearson
correlation were generated using GraphPad Prism 4.0 Software.
Preliminarily, we compared the enzymatic levels between
tumoral and adjacent non-tumoral tissues, in a group of 30
patients randomly selected, in order to identify an average value
of the enzyme activities in non-tumoral tissues, to use as cut-off
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for our data.
Generally, breast cancer tissues showed average levels
significantly higher than non-tumoral counterparts, even though
at variable degrees. Moreover the three enzymes were present at
different levels: MMP-9 was highly expressed in about 30% of
the patients, as both pro- and activated form; pro-MMP-2 was
prominent in about 44% of the patients and its active form in
about 30%. However the two gelatinolytic activities, MMP-9
and -2 were not reciprocally associated.
Similarly, the immune-reaction intensity of MMP-14 varied
among patients independently from the other two enzymes.
Finally to investigate the clinicopathological and prognostic
significance in invasive breast carcinoma the densitometric
profiles of MMP-2, MMP-9 and MMP-14 were correlated with
estrogen and progesterone receptors, tumor grading, HER-2/neu
status and expression of Ki-67. High levels of tissue activity of
MMP-9 was associated with higher tumor stage (G) and high
expression of Ki-67 and with a lower expression of estrogen and
progesterone receptors. No significant correlation was observed
between expression levels of MMP-14 and clinicopathological
parameter.
In conclusion, a stronger expression of the three enzymes is
associated with breast cancer tissues versus the non tumoral
counterparts; hence, they are potential candidates for patient
stratification and for prognostic evaluations. However present
large-scale screening do not support the hypothesis of the MT1MMP/MMP-2/TIMP-2 axis in cancer progression, conversely
suggest that each enzyme may subjected to individual paths of
expression and activation.
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MMP-2, MMP-9 and MMP-14 in breast cancer:
clinicopathological correlations.
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The glycosaminoglycans (GAGs) are polysaccharide
chains which constitute the glucidic moieties of proteoglycan
(PG) macromolecules. Depending on monosaccharide
composition and linkage as well as sulfation pattern and
degree, PG GAGs can be grouped in 3 sub-families named
chondroitin/dermatan sulfate (CS/DS), heparan sulfate/heparin
(HS/HE), and keratan sulfate (KS).
The HS/HE and CS/DS chains are composed by the same
constituents, an uronic acid (glucuronic or iduronic acid) and
glucosamine, but differently linked and substituted with
sulphate and acetyl groups [1]. The GAG chains carried on
proteoglycans are frequently copolymer of HS and HE or CS
and DS disaccharide [2]. The CS/DS and HS/HE chains are
carried with a O-glycosilation on proteins core by an identical
initial “linkage tetrasaccharide” composed by xylose,
galactose, galactose and glucuronic acid in sequence, followed
by the proper disaccharides of CS/DS or HS/HE GAG [1]. This
sequence is polymerized by 4 different UDP-sugar
transferases. Beta1,4-galactosyltransferase7 (GalT7) (UDP-Gal
transferase I) is the enzyme that transfers the first galactose
residue to the linkage region from the UDP-galactose to xylose
residue. This reaction is rate-limiting in both CS/DS and
HE/HS biosynthesis [3].
A recent work from the Götte laboratory has demonstrated
an involvement of mutations in a gene encoding for human
GalT7 in the pathogenesis of progeroid Ehlers-Danlos
syndrome, characterized by wound repair defects and skeletal
malformations [4,5]. For what it concerns HS synthesis the
chain polymerization is performed by 2 enzymes named EXT1
and EXT2 in a heterodimeric complex [1].
Since the CS and HS biosynthetic enzymes are localized
in the Golgi apparatus [1], the UDP-sugars precursors, whose
synthesis is cytoplasmatic, are transported within the ER and
Golgi compartments by members of a nucleotide-sugar
transporter family (SLC35). One of this transporters, SLC35D1
is reported to control specifically the CS synthesis by limiting
the UDP-sugar precursor inside the Golgi apparatus [6].
Several pathological conditions such as inflammatory
processes, atherosclerosis, tumour development, wound repair,
can modify the expression patter of PGs and thus of GAGs,
requiring also a different amount of UDP-sugar precursor
inside the ER and Golgi compartments.
Cancers cells possess a modified content of PGs and
GAGs that often lead to an alternative intracellular signalling,
for example through modification in co-receptorial properties
of HS/HE and thus to the tumour establishment, growth and
metastasis. In facts, various PGs (e.g. syndecans or decorin)
are often been suggested as target for prognosis.

Since the HS and CS all contain the same linkage region,
we tested the cancer response to the abrogation of the enzyme
GalT7 using as model the breast cancer cell line MDA MB231. The same cell line was also used to silence EXT1, in order
to limit the HS synthesis without affecting the CS amount.
The cancer cells were subjected to silencing experiment
using siRNA coding for GalT7 and EXT1. The silenced cells
were used for proliferation assays, scratch wound repair assay,
adhesion assay and HGF activation response.
The silencing of GalT7 or EXT1 lead to variations in the
expression of different transporters: the SLC35D1 was
decreased in siEXT1 and SLC35D2 and SLC35B1 in the
siGAlT7 cells after 48 hours. These modifications reflect the
necessity of UDP-sugars of the cells and that the modification
in the expression of one components alters other members of
the enzyme pool.
Moreover, the siGAlT7 cancer cell showed a decreased
proliferation rate with respect to control cells reaching only the
20-37% of the control proliferation. On the contrary
proliferation is unaffected in siEXT1 cells.
Another important feature of cancer cell is their migratory
ability. The wound scratch assay enable us to investigate cell
migration. Again, siGalT7 are not able to repair the wound,
indicating the loss of migration skills. siEXT1 cells result as
migratory as control cells.
Since HS/HE are reported to be co-receptor for HGF
signalling, we tested our cells in order to evaluate their
intracellular response, using as target the phosphorylation of
the MAPK p42/44. siGalT7 cells are unable to activate p42/44,
i.e. they result unresponsive to HGF.
Also the adhesion property of the cells are affected by the
silencing of the target genes. In fact, plated on fibronectin both
silenced cells are less adherent with respect to control, and the
effect is more evident for siGalT7.
These preliminary data confirm that PG GAGs are
involved in various cells processes, from cell proliferation and
migration to signalling. They also point out that the GAG
synthetic machinery is strictly regulated and include UDPsugars transporters (e.g SLC35D1).
Further analysis are in progress to verify the amount and
composition of GAG in the plasma membrane, with particular
regard to HS/HE, and in the extracellular matrix.
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The brittle bone disease Osteogenesis Imperfecta (OI) is a
genetic disorder characterized mainly by bone fragility,
fractures, skeletal deformities and short stature. The classical
autosomal dominant forms of OI (type I-IV) are caused by
mutations in the genes COL1A1 and COL1A2, coding for the
α1 and α2 chains of type I collagen, respectively. Recently,
forms of OI with recessive transmission (type VII-VIII), caused
by mutations in the genes CRTAP and P3HI involved in
collagen hydrossilation, have been described, whereas the
molecular basis of OI type V (dominant transmission) and VI
(recessive transmission) are still unknown.
The BrtlIV mouse is the first knock-in murine model for
the moderate severe form of classical OI, carrying a glycine
substitution in the α1 chain of type I collagen (G349C) and
reproducing the clinical features of type IV OI patients [1].
In our study we used this murine model, which is available in
our laboratory, to investigate the mesenchymal stem cell (MSC)
differentiation properties in OI. Bone marrow MSCs are able to
differentiate in several cell types, such as chondrocytes,
myocytes, adipocytes and osteoblasts and it is known that
equilibrium exists between adipocytes and osteoblasts
differentiation.
In particular we analyzed the ability of MSCs to
differentiate toward adipocytes and osteoblasts respectively.
Spines (2-3 cm) from wild-type (WT) and BrtlIV 2 month old
female mice were dissected and cleaned from soft tissues, and
total bone marrow was collected by bone crushing.
Mesenchymal stem cells were isolated by plastic adhesion.
Colony Forming Unit-Fibroblasts (CFU-F) number was
evaluated by Giemsa staining following 1 week of culture. No
difference was observed in the CFU-F number between WT and
BrtlIV mice. Differentiation into adipocytes was induced by 108
M dexamethasone, 10 μg/mL insulin, 0.5 mM
isobutylmethylxanthine and 125 μM indomethacin, while
differentiation into osteoblasts was induced by 10-8M
dexamethasone, 10 mM β-glycerol phosphate and 0.2 mM
ascorbic acid 2-phosphate. Adipocytes colonies were identified
by Oil Red O staining, while mineralization was detected by
Von Kossa staining and measured using the LEICA Application
Suite v3.0 software. Mesenchymal stem cells from BrtlIV mice
differentiated into adypocites more than cells from WT mice
(p=0.05); on the contrary osteogenesis was favoured in WT
cells compared to the BrtlIV ones (p=0.0006) (Fig. 1). Real
Time PCR data confirmed a higher expression of the osteogenic
markers type I collagen, Runx2, osteopontin, osterix and bone
sialoprotein 2 in WT cells (Table 1).
Bortezomib, a drug commonly used for the treatment of
multiple myeloma, acts by inhibiting proteasome activity and
thus by improving, at the MSCs level, the intracellular amount

of Runx2, one of the first molecules involved in osteoblasts
differentiation. We tested in vivo its use to improve the ability of
OI MSCs to differentiate toward osteoblastic lineage. WT and
BrtlIV 5 weeks old mice were treated with intraperitoneal
injections of Bortezomib (0.3 mg/kg) for three weeks, and then
sacrificed at two months of age. Mesenchymal stem cells were
isolated and differentiated in culture as described above. Long
bones (femurs and tibiae) were used for pQCT analysis, to
evaluate bone geometrical properties. After Bortezomib
treatment, the difference between WT and mutated cells in
mineralization ability disappears, as well as the difference
observed in adipogenesis (Fig. 1). pQCT analysis revealed that
the differences existing, before the treatment, between WT and
BrtlIV mice bones, the last being smaller, thinner and with a
reduced density, stayed after the treatment. Following
Bortezomib administration a significant improvement was
anyway found in BrtlIV mice in the cortical density, cortical
thickness and endosteal circumference of femur and in the
cortical density of tibia.
In conclusion, we demonstrated that a difference existed in
mesenchymal stem cells differentiation ability between WT and
BrtlIV mice and that it could be eliminated, although not
reversed, by the use of a protreosomal inhibitor. The higher
tendency toward adipocytes differentiation of mutant MSCs
could contribute to determine the differences observed by pQCT
in the geometrical properties in long bones and the identification
of drug specifically targeted to eliminate such preferential
differentiation could be a possible cure for OI.
Supported by Progetto Regione Lombardia-Università ”Dalla
Scienza dei Materiali alla Biomedicina Molecolare”, Fondazione
Cariplo, European Community (FP6, LSHM-CT-2007-037471).
Fig. 1: MSCs differentiation toward osteoblasts and adipocytes in vitro

in WT and BrtlIV mice with and without Bortezomib treatment.

Table 1: expression levels of bone markers evaluated by RT Real Time
PCR on RNA extracted from cultured cells.
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The diastrophic dysplasia sulfate transporter (DTDST
orSLC26A2)
gene
encodes
for
a
sulfate/chloride
antiporterexpressed on the surface of many cell types,
includingchondrocytes.
Mutations in this gene cause a diminished inorganic sulfate
uptake into the cell, leading mainly to synthesis and secretion of
undersulfated proteoglycans (PGs) in the cartilageextracellular
matrix. These defects cause a family of
chondrodysplasias with different clinical severity; among them
diastrophic dysplasia (DTD) is the moderate/severe
form,characterized by dwarfism, progressive joint disease and
malformed skeleton.
The dtd mouse is a knock-in mouse, characterized by a
phenotype that recapitulates the essential aspects of human
DTD. Thus, this animal model is a powerful tool to better
elucidate the role of PG sulfation in skeletal development [1].
In particular we observed that long bones of dtd mice are shorter
when compared to those of wild-type animals, suggesting an
altered endochondral ossification process.
We analysed PG sulfation and, to clarify how it affects bone
growth, we performed histomorphometric and chondrocyte
proliferation studies on the growth plate of 3 weeks old mice.
For proliferation analysis mice were injected intraperitoneally
with BrdU and sacrificed after 2 hours.
Chondrocytes in the proliferative zone of the growth plate that
incorporated BrdU during the labelling time were detected by
immunohistochemistry. Our results demonstrated a significant
decrease of chondrocyte proliferation in the growth plate of
mutant mice compared to wild-type animals.
Histomorphometric measurements were performed on tibial
sections stained with toluidine blue. In mutant animals the
relative height of the hypertrophic zone and the average number
of cells per column in the proliferative and hypertrophic zone
were significantly reduced compared to wild-types.
In order to quantify PG undersulfation, we analysed the
sulfation of chondroitin sulfate disaccharides both in the growth
plate and in the zones of the growth plate (resting, proliferative
and hypertrophic). The whole growth plate or the different zones
were isolated from tibial sections with a microdissector
(Eppendorf) and, after enzymatic digestion of the tissue with
chondroitinase ABC, disaccharides released from chondroitin
sulfate PGs were labeled with a fluorescent dye and analysed by
reverse phase HPLC. Our data showed a significant
undersulfation in the growth plate in toto and in all the zones of
dtd mice compared to wild-type animals.
In particular, the percentage of non-sulfated disaccharide in
mutant mice was about 2 fold higher than in wild-types.
This relevant undersulfation of chondroitin sulfate PGs leads to
alterations in the mechanical properties of the extracellular
matrix and in signaling pathways, as demonstrated by
histomorphometric and proliferation studies. Indeed we

observed a reduced chondrocyte proliferation in the proliferative
zone and a subsequent delayed differentiation in hypertrophic
cells, suggesting the involvement of the Ihh- PTHrP signaling.
This work was supported by grants from Telethon-Italy This work was
supported by grants from Telethon-Italy (grant no.GGP06076),
Fondazione Cariplo (Milan, Italy), the European Community (FP6,
“EuroGrow” Project, LSHM-CT-2007-037471) and Progetto Regione
Lombardia-Università “Dalla scienza dei materiali alla biomedicina
molecolare”.
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and malignant phenotype acquisition. Among these factors proMMP-2 and pro-MMP-9 expression resulted significantly but
differentially modulated.
We suggest that present data may contribute significantly to
the knowledge of the mechanisms underlying trastuzumab drug
resistance on breast cancer cells, useful for diagnostic, prognostic
and therapeutic applications

TRASTUZUMAB

E-mail: lucadicara@unipa.it
Herceptin is the brand name for the drug trastuzumab,
a monoclonal antibody that interferes with the membrane
receptor c-erbB2 /HER2/neu (FIG.1). This receptor belongs to
the human epidermal growth factor receptor (HER) subfamily of
tyrosine kinases consisting of four main members referred to as
HER1/EGFR, HER2, HER3 and HER4. The overexpression/
amplification of HER2, which appears to occurs in about the 2530% of breast cancer (BC) patients, is considered a predictive
and prognostic marker for breast cancer progression, as well as a
valuable therapeutic target for HER2-positive BC patients
Patient treatment with trastuzumab in the last two decades has
produced significant clinical impact by reducing the mortality
among HER2-overexpressing patients. Unfortunately the initial
response to trastuzumab-based regimen is often followed by
drug-resistance occurring within 1 year in the majority of patients
and may be associated with toxicities, including a risk of
cardiomyopathy. On this base it becomes critical to understand
the molecular mechanisms underlying primary or acquired
Herceptin drug-resistance to improving the survival of breast
cancer patients under treatment. Mortality for breast cancer, as for
other tumors, is primarily due to metastasis formation, which in
turn is the result of complex cascade events at the tumor-stroma
interface.
A leader position in this cascade is occupied by several members
of the matrix metalloproteases (MMPs) family, that play a pivotal
role in extracellular matrix remodelling in several neoplastic and
non neoplastic diseases. The expression of two gelatinases
belonging to MMPs family, MMP-2 and MMP-9, has been
related to high metastatic potential and associated with poor
prognosis in several human carcinomas. Our previous data
showed a certain degree of correlation between gelatinases
activity and HER-2 receptor overexpression in breast cancer
patients in vivo [1].
The aim of present work was to evaluate effects induced by
acquired Herceptin-resistance on the expression of proteins
involved in tumor progression and on MMP-2 and MMP-9
gelatinolytic activity. As a model for this study, we utilized the
SK-BR-3 breast cancer cells, which overexpress HER-2. To
obtain drug-resistant clones, SK-BR-3 were treated with
10µgr/ml of trastuzumab, until cells growth rate became
synchronous compared to untreated parental cells.
Parental and resistant cells were then properly collected and
submitted to cell lysis and protein extraction for parallel
zymographic and proteomic analyses. Western blot immuneassay to detect expression of a subset of proteins involved in
cancer progression was also performed.
The results of present work indicate that Herceptin resistance
induce significant modulation on the expression of proteins
involved in cancer cell survival, as well as in tumor progression

HER2

FIG.1: Trastuzumab-HER2 interaction
pathways inhibiting downstream signaling

HER2

affects

MAPKs
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Tissue microenvironment influences tumor biology at
different levels. Stromal cells, as well as ECM molecules, play a
pivotal role in the origin of tumoral microenvironment, which is
essential for cancer growth, invasion and metastasis[1, 2].
In the case of carcinomas, stromal cell compartments, containing a
variety of mesenchymal cells (fibroblasts, myofibroblasts,
endothelial cells, inflammatory cells associated with the immune
system) may send and receive signals from all the others:
Reciprocally, cancer cells may regulate the biosynthetic activities
of stromal cells, thus altering the ECM of the tumor, which in turn
exerts some influence on neoplastic cell behaviour.
Ultimately the collective orchestration of these cross-talk between
neoplastic cells and host cells may have permissive or restrictive
effects on the angiogenic processes and on the propensity of
neoplastic cells to form metastasis.
Fibroblasts are the major mesenchymal cell types committed to the
matrix formation and renewal and they are the main source of
secreted factors that influence the growth of epithelial cells of
neighbouring tissues.
For these properties they may be involved in tumourigenesis,
either by remodelling the extracellular matrix (ECM) associated
with tumor, and by the recruitment of inflammatory cells involved
in the stimulation of angiogenesis, probably by the proteolytic
release of sequestered angiogenic activators [3].
Studies of fibroblasts associated to carcinomas (CAF) have
documented phenotypic modifications, including abnormal
migratory behaviour in vitro, altered expression of growth factors
[4] and differentially regulated genes that were previously not
described in the tumour-stroma context. Recent studies from our
laboratory have documented the effects exerted by fibroblasts on
cancer cells in a co-culture system [5]. The aim of this study was
to investigate the reciprocal effects of breast cancer cell
stimulation on phenotypic modulations of fibroblast. To this
purpose, we investigated the effects of soluble mediators released
by breast cancer cell line (8701-BC) on normal fibroblasts, using a
transwell coculture system. After incubation, the fibroblasts were
harvested and processed for the study of expression profiling by
2D-IPG proteomic, versus the untreated fibroblasts grown under
parallel conditions. Interestingly, we detected modulations in
several classes of proteins under coculture conditions, identified by
several methods, as previously reported (Pucci-Minafra et al.,
2006). Protein clusterization was performed by the use of the
program DAVID Bioinformatics Resources.
The protein detected and identified were 85 including isoforms.
This catalogue was processed by the DAVID database into 7
categories, namely: transport, cell motility, cytoskeleton, response
to stress, cytoplasmic vesicle, regulation of programmed cell
death, glycolysis. Among these groups the most modulate proteins
were those belonging to the programmed cell death, particularly
proteins with an anti-apoptotic role. Additionally we found also
upregulated several proteins of the cluster of response to stress.

Our results, along with our previous report on the fibroblast
influences on breast cancer cells, strongly support the concept that
the microenvironment may affect the efficiency of tumor
spreading, the rate of tumor growth, the extent of invasiveness, and
the ability of neoplastic cells to metastasize. These influences are
largely mediated by stromal molecules themselves, and by
paracrine signalling between cancer cells and neighbouring host
cells. In the present report some relevant examples of these
influences will be discussed.
Acknowledgment: Work support by DIAMOL PROJECT
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The mineralization process as been considered for long
time a passive phenomenon leading to deposition of insoluble
calcium-containing minerals. More recently, data have been
provided demonstrating that it is a tightly regulated process,
involving several factors and cofactors, playing a fundamental
role not only in physiological conditions, but also in pathologic
circumstances, as during ectopic calcifications. The process of
soft connective tissue calcification has been largely documented
in chronic renal insufficiency [1], in atherosclerosis [2] and in
genetic diseases as Pseudoxanthoma elasticum (PXE) [3].
PXE is a genetic disease characterized by extensive and
progressive mineralization of elastic fibers, being responsible
for the occurrence of clinical manifestations mainly affecting
skin, eyes and cardiovascular system.
We have recently demonstrated that PXE fibroblasts are
characterized by differential expression of protein disulfide
isomerase and calumenin, thus providing novel information
elucidating the molecular pathways associated to the reduced
expression of γ-carboxylated Matrix Gla Protein (gla-MGP), a
potent inhibitor of soft connective tissue calcification [4]
Studies in-vivo, ex-vivo and in-vitro have shown that
calcium deposition in form of hydroxyapatite can be induced by
increasing the concentration of calcium and phosphate in the
extracellular environment, and that phosphate can induce
smooth muscle cells to differentiate towards a “bone” oriented
cell type, with silencing of genes typical of SMC [5].
Since PXE elastic fibers have been shown to accumulate
proteins with affinity for calcium ions, as osteopontin,
vitronectin, bone sialoprotein and alkaline phosphase [6], the
present study has been undertaken with the aim to investigate if
the phenotype of fibroblasts isolated from PXE patients is
modified towards a bone-related phenotype.
Expression of typical osteoblastic markers, as osteopontin,
alkaline phosphatase, bone morphogenetic protein 2, and of
mesenchymal markers, as actin, vimentin, has been
investigated by RT-PCR and Western blot in fibroblasts from
healthy subjects and from PXE patients.
Data demonstrated that PXE fibroblasts retain their
typical phenotype, never the less they are characterized by
upregulation of osteopontin and especially of tissue nonspecific alkaline phosphatase (TNAP). Although osteopontin is
regarded as an inhibitor of calcification, its upregulation is
probably not sufficient to counteract the formation of large
mineral aggregates as those typically observed in PXE, in
accordance with previous observations demonstrating the
presence of ostepontin in normal elastic fibers and in
association with small mineral precipitates, whereas it was
absent from heavily deformed mineralized fibers [6]. By
contrast, TNAP appeared up-regulated both at RNA and
protein levels, consistently with the increased accumulation in
calcified PXE elastic fibers, previously demonstrated by

immunocytochemistry [6]. Interestingly, alkaline phosphatase
activity can be significantly inhibited by treatments with
levamisole, thus opening new perspectives for therapeutic
approaches.
Figure 1: Tissue non-specific alkaline phosphatase (TNAP) is
significantly upregulated in PXE fibroblasts as demonstrated by
Western blot. ** p<0.01 PXE vs Control
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In the light of these results, we can suggest that, possibly as a
consequence of epigenetic modulation mediated by circulating
factors, PXE fibroblasts, locally acting within soft connective
tissue, favour elastic fiber mineralization. Therefore, impaired
vitamin K-dependent MGP carboxylation as well as TNAP
upregulation might both contribute to PXE ectopic
calcifications.
Work supported by PXE-International
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Although calcific aortic stenosis is a major heart disease
as to incidence and the major indication for valve replacement,
its pathogenesis is still poorly understood.
In the present work, set up of a novel "in vitro" model was
performed in order (i) to add information on the ultrastructural
changes associated with start and progression of this disease and
(ii) to assess how much the involved degenerative processes are
comparable to the step-by-step-pattern we previously found
using an "in vivo" xenogenic subdermal model [1] as well as to
those actually occurring in calcific aortic stenosis we are
characterizing in a parallel study.
Once reliability of this model is verified, suitable
multivaried experimental approaches will be allowed, revealing
the involvement/effectiveness of various putative procalcific
agents, taking in account the multifactorial nature of this calcific
disease.
We modified previous "in vitro" models already used for
aortic wall derived smooth muscle cells [2] and aortic valve
interstitial cells (AVICs) [3]. Namely, bovine AVICs were
cultured for 9 to 28 days, in the presence of combinations of
bacterial endotoxin LPS, inorganic phosphate (Pi) at
normophosphatemic concentration and conditioned medium
obtained from bovine monocyte/macrophage cultures (MCM)
thereby triggering hydroxyapatite precipitation.
Step by step colorimetric estimation of alkaline phosphatase
(ALP) activity and spectrometric measure of calcium amounts
(Spectromass 2000 - ICP) and parallel ultrastructural analysis
(CM12 Philips STEM) after modified pre-embedding
histochemical reactions using Cuprolinic blue (CB) [4] were
performed.
Significant time-dependent changes for both ALP activity
and calcium phosphate rate were found. ALP activity
progressively increased, reaching a maximum at 21 to 26
incubation days, with subsequent drastic drop. Calcium amount
proportionally increased according to the incubation times.
At the ultrastructural level, distinct medium-dependent cell
changes were observed including initial enlargement and
subsequent rupture of rough endoplasmic reticulum,
mitochondrion disgregation, appearing of acidic-lipid-formed
dense bodies, mielin figures, intracytoplasmic accumulation of
CB-reactive lipidic material, and subsequent centrifugal
exudation, thereby forming layers (PPL) at the edges of many
degenerating cells, with associated budding of PPL-formed
vesicles.
Moreover, initial precipitation of hydroxyapatite occurred
at the latest incubation times, co-localizing with these PPLstructures (Fig.1).

FIG. 1. Degenerating aortic valve interstitial cell containing PPLstructures with co-localized apatite precipitation (original magnification:
10.000x).

Endotoxin LPS and inorganic phosphate can act as valve
calcification triggers and mineralization enhancing is promoted
by macrophage-derived cytokines.
As revealed by ultrastructural analysis, in this model AVIC
damages prime mineralization according to a degenerative pattern
that mimicks those occurring in both "in vivo" model and actual
calcific stenosis.
This "in vitro" model has proven to be proper for amplifying
the knowledge on the spectrum of procalcific agents by selective
addition of other potential procalcific agents to AVIC culture.
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Space flight determines many serious physiological changes
which include loss of muscle mass and bone, space motion
sickness, anemia and a reduced immune response. Several
investigations performed in low gravity demostrated that
microgravity causes decreased bone formation in combination
with increased resorption leading to calcium and mineralized
bone loss (1). In particular, it is well known that weightlessness
during space flight causes osteoporosis, with a range of loss of
bone mineral density in the whole body and legs between 0.3 0,4% per month, together with an increased risk of fractures in
later life. The progressive loss of calcium and bone may be the
most critical biomedical obstacle that astronauts in extended
duration space flights (e.g. Mars mission) will encounter. The
limited access to space biology studies in real microgravity
conditions suggest the use of machines to manipolate gravity
and thus learn about its impact to this force onto living systems.
The clinostat is, up until today, a very well established paradigm
to simulate microgravity. The Random Positioning Machine
(RPM) (in the figure) has been used so far as a suitable facility
for in vitro studies. In our previous research, the first concerning
rats exposed to simulated microgravity conditions in RPM, we
observed that response to carrageenin or PGE2-induced paw
edema, thermal hyperalgesia and intestinal transit were
significantly reduced (2). The main goal of this research was to
further contribute to the validation of the RPM as facility for in
vivo studies. Therefore bone marrow cells mineralization in
young male rats exposed to simulated microgravity has been
investigated. Bone marrow cells were obtained from femura of
rats exposed to RPM for 72 h and cultured for 13 days in
osteoblast differentiation medium. Male albino Wistar rats
weighing 150-175 g (RPM) were kept in a perspex semicylinder
fixed to the inner frame center of clinostat. A first ground
control group was kept individually in a perspex semicylinder
on the basement of RPM, while a second ground control group
was kept in standard cage. All animals were given standard
laboratory diet and water available ad libitum three times per
day. Calcified matrix was analyzed by Alizarin Red assay
demonstrating that calcium deposition was significantly
decreased in RPM samples. Moreover, we determined alkaline
phosphatase (ALP) activity, a marker of osteoblastic phenotype,
using a fluorimetric assay. The data obtained showed a dramatic
downregulation of ALP in RPM samples. The analysis of cell
area
and
F-actin
network
was
performed
by
immunofluorescence technique after culturing cells in a gaspermeable cell culture disks (OptiCell). For the F-actin staining
the cells were fixed with 4% paraformaldehyde and labeled with
phalloidin-TRITC-conjugated. The cell area distribution was
studied fixing with 4% paraformaldehyde, labeling with primary
monoclonal anti β-tubulin followed by a secondary FITCconjugated antibody. Cell area was calculated with the Image J
software and the statistic analysis was performed by MYSTAT
software. Cell area distribution showed a significant decrease in
low gravity conditions. In both controls we observed that cells
were distributed as a heterogeneous population including both

small and big cells, whereas cells from rats exposed to simulated
microgravity showed a homogeneous population with
significantly smaller cells. Moreover, the fluorescence staining
of F-actin filaments showed a remarkable decrease in the
filamentous biopolymer density. This result confirm the notable
role of cytoskeleton in the mechanotrasduction of gravity
signaling (3). Also in vitro experiments in cultured osteoblasts
(first subcolture) obtained from rat bone marrow cells and
exposed to modeled microgravity for 9 days confirmed a
strongly decreased calcified matrix deposition (-60%) and ALP
activity (-48%) .
Based on this evidence, there is the need to more deeply
investigate the molecular mechanisms underlying weihtlessnessinduced bone loss, in order to identify new molecular targets for
alternative therapies, useful to counteract the deterious effects of
weightlessness in astronauts as well as to cure pathological
conditions of reduced bone mass on earth.
Moreover, our results can be considered a further contribute
to the validation of the RPM for in vivo studies and of the
oncoming MHOR, a system which can permit to house 1 or 2
mice or rats on a RPM for a time interval up to 20 days with a
minimum involvement of personel, for in vivo physiological
studies in modeled microgravity conditions. The MHOR system
will provide water delivery ad libitum, food delivery and waste
management (faeces and urine)
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The fibrillar pattern of diaphisial compact bone. A
SEM study carried out with fractured cortex
technique in rabbit femurs and in human compact
bone resorbed in vitro with osteoclasts.
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The fibrillar pattern of compact lamellar bone has been
extensively studied and controversial models of its organization
have been presented. Applying the fracture cortex technique it
was possible to document with SEM either the appositional
phase within the forming vascular canals of the compact bone
and the matrix exposed by the osteoclasts in the reabsorbing
phase (cutting cones). An ordered fibrils orientation in
sequential lamellae was documented at sites where the lamella
formation was ongoing as well as at sites of resorption of
completely structured lamella.
Similar findings were documented in resorption pits of
osteoclasts cultured in vitro on human bone slices prepared by
the diaphysis of the femur and tibia. Our findings support the
model of concentrical layers of paralleled fibrils which vary
their polarization in sequential planes (Gebhart model).
Osteoclasts resorption resulted to be a phasic process, carried
out by these specialized cells layer by layer: remarkably exposed
osteocytes did not show damages of their cellular membrane,
suggesting that osteocytes survives to the lytic action of the
osteoclasts.

Scanning Electron Microscopy/Osmic maceration: a
valid approch to the study of osteoblasts morphology.
Congiu T.1; Pazzaglia U.E.2 ; Marchese M.2; Dell’Orbo C.1
1
Dipartimento di Morfologia Umana Università dell’Insubria
Varese, Italy
2
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Osteoblasts are the cells committed to produce bone
matrix and Scanning Electron Microscopy (SEM) studies have
documented the polarization of these cells with differentiation of
the cellular membrane leaning on the bone surface. This side of
the cell is not accessible to the standard technique of SEM.
Applying a graded osmic maceration it was possible to detach
part of the osteoblasts plasmalemma and to explore the bone
face of the cell. It was possible to document the relationship
between the cells, the action of fibrillogenesis and matrix
organization at this level. The finger-like processes of the
membrane and the meshwork they formed beneath the cells
suggested for this membrane specialization a function as
fibripositors of the extracellular matrix assembly in the osteonal
lamella.
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