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Electron histochemistry of ECMs showed that proteoglycans (PGs) associate very regularly with the surface of 
collagen fibrils in tendon, skin, corneal stroma, cartilage etc. This pattern is generated by specific binding of PG to 
sites on the fibrils [1]. 

Using this basis, simple geometry and algebra predicted a quantitative relationship between the amounts of 
collagen, the fibril diameters and PG in the ECM. This prediction was borne out by chemical and ultrastructural 
analyses of tendons in 3 species over the age range from in utero to late life [2].  

We now find that the same treatment applies to corneal stroma from 10 species. Furthermore, we show that ab 
initio calculations based on collagen density and DS mol. mass support this model, in tendon and corneal stroma. 
From these results further quantitative conclusions are possible, governing the number and orientation of the inter-
fibrillar bridges formed by the anionic glycosaminoglycuronan (AGAG) (dermochondan sulphate) carried on 
decoron, the protein core of decoran. The calculations accommodate and elucidate the differences in ultrastructure 
and function between stroma, in which the PG carries two AGAG (dermochondan) chains and tendon, in which 
decoran carries one AGAG chain. They are in accord with the Second Law of Chemical Morphology i.e. "The 
composition of a tissues is determined by the stable, specific interactions between the macromolecules of which it is 
constructed" [3]. 

The reversible deformability of these bridges depends on the content of the elastic sugar iduronic acid [4], 
which we find varies linearly with stromal thickness, and the low sulphation of corneal stroma DS which permits a 
sliding filament type of reversible deformation [5]. 
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The elasticity of tendons in legs and feet of many mammals provides an important mechanism for saving 

substantial quantities of muscular energy during locomotion. The body is decelerated as the foot lands on the 
ground, causing kinetic and potential energy to be stored transiently as elastic strain energy in tendons and muscles 
that are stretched by the impact forces [1]. Those tendons that function as springs, storing elastic energy when they 
are stretched and then releasing this energy to do mechanical work in the locomotion are named “energy storing 
tendons” [2, 3]. This spring-like action of tendons is thought to benefit the animal by reducing the metabolic energy 
required for locomotion, so increasing efficiency. Tendons that are mainly involved in transmitting force from 
muscle to bone are relatively inextensible and are named “positional tendons” [2]. Tendons consist of relatively few 
cells embedded in an abundant extracellular matrix (ECM), consisting of collagen, proteoglycans and glycoproteins. 
The largest component of tendon ECM is collagen, mainly in the form of type I fibrils, that provide tensile strength 
and stiffness. The fibrils are assembled into parallel arrays of fibers, which are then organized into fiber bundles. 
The parallel bundles of collagen fibers are aligned along the direction of the tensile stress. When unstressed, the 
collagen fiber bundles show a wave-like pattern, known as tendon crimp and each crimp is composed of several 
fibril knots or fibrillar crimps [4]. Fibrillar crimps and tendon crimps act as a buffer so that slight longitudinal 
elongation can occur without fibrous damage and allow the fibrils and fibres to recoil when the tensile force ceases 
[4, 5]. Since crimping pattern allows connective tissues to store and release elastic energy, it may be related to a 
specific biomechanical role in tendons. The aim of this study is to investigate the arrangement of collagen fibers and 
the crimping  pattern in functionally distinct tendons. Rectus femoris tendon-RFT, vastus intermedius tendon-VIT 
and patellar tendon-PT were collected from knee joint of Sprague-Dawley rats; Achilles tendon-AT, anterior tibial 
tendon-ATT and posterior tibial tendon-PTT were dissected from the legs of New Zealand White rabbits. All the 
specimens were processed for polarized light microscopy (PLM), scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM). A morphometric analysis was performed on Sirius-red stained histological 
sections to measure the number of crimps, the width of crimp top angle and the crimp base length. Interesting 
differences between the tendons were found concerning the crimping pattern. VIT, AT and PTT showed more 
numerous and smaller crimps than RFT, PT and ATT (Table I); since the elastic recoil property is structurally 
related to crimp and/or fibrillar crimps, these tendons have a greater capacity to store and subsequently release 
elastic energy and are much better suited to act as effective biological springs. By contrast, RFT, PT and ATT, 
showing larger, fewer and flattened crimps (Table I) would be much stiffer and less extensible structures that mainly 
act to position segments of the limbs primarily as a function of muscle contraction. These data suggest that crimp 
number and crimp morphology may be valuable parameters to assess the specific functional role of tendons during 
locomotion.   
 
 

CRIMP NUMBER 
 

CRIMP TOP ANGLE (°) 
 

CRIMP BASE LENGTH (�m) 
VIT 14.5±4.7 * 122.3±1.4 * 36.0±14.1* 
RFT 5.4±1.4 141.5±14.8 75.5±22.6 
PT 6.1±2.8 146.2±12.2 72.3±28.9 
AT 5.0±0.9 134.0±9.3 80.6±18.0 
PTT 5.7±1.2 136.4±6.7 96.2±18.9 
ATT 2.7±0.6 140.8±7.3 131.4±9.0 

 
Table I. Morphometric data of crimping pattern in functionally distinct tendons;* VIT vs RFT (P<0.05) and PT (P<0.05). 
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Tendons working like efficient mechanical structures in transmitting forces from muscle to bone do not behave 
as rigid structures. Many tendons can recoil elastically when a stretching force is removed and some of them can 
release the energy they store, increasing the efficiency of locomotion and sport performances [1]. Elastic tendon 
recoil is related to collagen fibre crimps formed by single fibrils sharply changing direction at the apex of each 
crimp and showing knots/fibrillar crimps that contribute in absorbing initial tension during tendon elongation, and 
recoilling fibrils when tendon relaxes.  

Collagen fibrils arrange in a fibril network acting as a fibre composite system in which forces are also laterally 
transferred between neighbouring fibrils through interfibrillar PGs [2-4]. Among interfibrillar PGs decorin (with 
small quantities of biglycan) is the major component of all tendon PGs and is associated with the sulphated 
glycosaminoglycan (GAG) dermatan sulphate (DS). Decorin, preferentially distributed orthogonally to the fibril 
direction and creating interfibrillar functional “cross links”, span the space between neighbouring collagen fibrils 
and could transfer forces between discontinuous fibrils during tendon stretching [3-5]. DS GAG in decorin and 
biglycan, binding neighbouring fibrils, could also play a role in regulating the packing of adjacent fibrils forming 
fibre crimps. The aim of this study was to investigate whether the DS GAGs associated with the interfibrillar PGs 
(decorin and biglycan) affect the microstructure and function of fibrillar crimps in elastic recoil of tendon. Eight 
female Sprague-Dawley rats (90 days old) were anaesthetized with an intraperitoneal injection of ketamine. The 
Achilles tendons of both posterior legs were excised at the muscle-tendon junction on one side and at osteo-
tendineous junction on the other side. Four relaxed tendons (group I) were immediately immersed for six hours in a 
buffered solution plus 1.0 UI/ml Chondroiti-nase B (ChB) from Flavobacterium Heparinum, fixed in a Karnovsky 
solution, dehydrated and prepared for SEM observation. Other four tendons (group II) were clamped at both ends in 
a clamp, stretched 5 - 6 % while immersed in a ChB solution, fixed under stretching and processed as group I. Other 
four tendons (group III) were secured at both ends in a clamp, stretched while immersed in a ChB solution for 6 
hours, removed from the clamps to allow tendon relaxa-tion and immediately fixed and processed as above. Other 
four tendons (group IV) were immersed in a saline solution and disrupted with a glass pestle to obtain isolated fibrils 
then submitted to a double positive staining for TEM observation. Both enzymatic and mechanical removal of DS in 
relaxed tendons of group I and IV didn’t affect the morphology of fibre crimp and fibrillar crimps. All collagen 
fibrils of group I showed crimped fibres showing particular fibrillar knots or fibrillar crimps at the top of each fibre 
crimp: fibrils twisted leftwards first, changing their plane of running, and then sharply bent, changing their course on 
the new plane. Stretched tendons in ChB solution (group II) showed flattened crimps but regular fibrillar crimps 
were still present. Stretched tendons immersed in ChB solution, relaxed and then fixed (group III) showed both 
regular fibre crimps and fibrillar crimps: a local leftward twisting and bending of fibrils in the fibrillar crimp regions 
was observable like in group I. These data demonstrate that structure and function of fibrillar crimps in recoiling 
fibrils/fibres in tendon do not depend on DS associated to decorin and biglycan, but seems to be related to the 
hierarchical alternating handedness of collagen structures. The fibrillar crimp model that we suggest may reflect a 
local increased flexibility of the large and rigid fibrils of tendon as a consequence of a local left helical arrangement 
of microfibrils always showing a right helical array in fibrils running straight. The left-handed path of fibrils in the 
fibrillar crimp region gives rise to left-handed fibril helices and represents a new final suprafibrillar level of collagen 
alternating handedness. The leftward twisting and bending of fibrils give rise to fibre flattened left helices acting like 
biological hinges and previously described as planar crimps. The role of decorin and biglycan could be limited to 
keep/regulate the hydration of ECM and collagen fibrils. 
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The formation and growth of collagen fibrils is a central point in the assembly of the extracellular matrix. It is 
generally agreed that collagen fibrils come into existence by the progressive fusion of smaller, intermediate 
aggregates until some size-limiting factor stops the fibril growth and defines their ultimate size. The nature of this 
factor remains controversial. Cross-links, FACITs, propeptides, other fibrillar collagens, SLRPs, COMP, matrilin, 
perlecan, thrombospondin, tenascin and several other molecules have all been proposed as limiting factors. Yet none 
of these is able to explain, in particular, why the collagen fibrils in tendons and ligaments are thick and variable, 
with a distinctive multimodal distribution, while in other (and often adjacent) tissues such as blood vessels, nerve 
sheaths and cornea their size is consistently restricted to a narrow Gaussian distribution. 

In the available literature, however, it has gone unnoticed that lateral fusion of protofibrils is only possible in 
tendon-like fibrils, which are made of almost straight subunits [1,2], but cannot possibly occur in the smaller, 
uniform fibrils found in other tissues, which are made of discrete microfibrils winding in a right-handed helix [1,2]. 
In this helical structure the facing subunits of adjoining fibrils always wind in opposite directions, so that for a 
helically-wound fibril to merge with another similar fibril it should be entirely unwound and rewound, a process 
made unlikely by the entropy variation involved. As a consequence, these “helical” fibrils can form exclusively by 
addition of individual microfibrils (which is a linear process) rather than by fusion of larger protofibrils (a chaotic 
process). Surprisingly, this is all is needed to explain the narrow distributions of their diameter.  

A very simple simulation program, where the lateral fusion of protofibrils can be enabled or disabled at will, 
was able to provide pictures remarkably similar to actual micrographs of transected fibrils of tendon (below, left) 
and of tendon sheath (below, right) at the switch of a single boolean flag. It must be stressed that the program does 
not claim to be a comprehensive reconstruction of the fibrillogenesis process; in particular, one parameter was 
impossible to define on a physical basis and was therefore empirically set to a tentative value. However, exploration 
of the parameter space showed that all the parameters influence the peak value(s) but barely alter the diameter 
distribution.  

Fibrillogenesis data gained on tendons or in vitro are therefore not applicable to the “helical” fibrils, which are 
the most common among our different tissues. Our results indicate that the fibrillogenesis process imposed by the 
helical fibril substructure is in itself a sufficient condition for the diameter uniformity of these fibrils, even in the 
absence of any other mechanism of growth control. By contrast, growth control mechanisms are still necessary to 
limit the lateral growth of the large multimodal fibrils found in tendons and ligaments, which otherwise would 
merge into huge irregular units, consistently with in vitro findings [3]. 
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Prolidase (E.C.3.4.13.9) is an ubiquitous and cytosolic MnII dependent dipeptidase. It is the only enzyme able 

to cleave the X-Pro, X-Hyp imidodipeptides, thus being very important in the final stages of endogenous and dietary 
proteins degradation and particularly of collagen turnover. It is a homodimer with two dimetal clusters. Mutations in 
the prolidase gene cause prolidase deficiency, a rare autosomal recessive connective tissue disorder characterized by 
severe and intractable skin lesions, mental retardation and respiratory infections. To investigate the biological 
function of the enzyme and the metal binding site composition, we generated WT and mutated recombinant human 
prolidase in E.coli. We select three different mutations previously characterized in our patients: 231delTyr, 
Glu412Lys and Gly448Arg and causing, in homozygous condition, a strong reduction of enzyme activity [1, 2]. All 
three mutations fall into the prolidase sequence that is homologous to the Metallopeptidase Family M2; Tyr 231 is 
located at the N-terminal end of this domain in an alpha helix region, Glu412 is involved in the metal binding and 
Gly448, located in an extended strand, is very close to the metal binding site. Prolidase cDNA obtained by RT-PCR 
from total RNA of human control and patients’ fibroblasts was subcloned in pET16b vector, containing an N-
terminal His tag. The enzymes were purified by affinity chromatography with Ni-NTA agarose resin and their 
identity verified by western blotting with specific anti-his and anti-human prolidase antibodies. The Tag was 
removed by mean of Factor Xa on column digestion.  

ICP-MS of WT recombinant prolidase revealed that two different metals (MnII and ZnII) can be simultaneously 
present in the protein active sites, with the protein still maintaining 25% of its full activity. Structural information 
extracted from XAS measurements provided a full reconstruction of the atomic environment around the two metal 
binding sites. In particular, one of the active sites was demonstrated to be occupied by two ZnII ions and the other 
by one ZnII and one MnII ion.  

By generating the apoprotein we understood that MnII is essential for the catalysis, being the enzyme inactive 
in its absence.  

Mutant recombinant enzymes had < 5% activity with respect to the WT and reduced Vmax values, as revealed 
by kinetic studies. CD analysis is underway. 

Thus, with a combined use of ICP-MS and XAS, we provided a tight biochemical and structural 
characterization of WT prolidase active site. The analysis of the mutated forms will help us to elucidate the 
molecular bases of the loss of activity. 
 
This work was supported by Cariplo 2007 and MIUR 2008 to A.F. 
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Rheumatoid arthritis (RA) is a chronic, systemic inflammatory disorder that mainly affects  articular joints. RA 
may be induced in animal model by immunization with type II collagen and Freund’s adjuvant (collagen induced 
arthritis, CIA). The normal homeostasis between anabolic and catabolic pathways of cartilage is unbalanced in RA, 
and cartilage degradation occurs. Although the cause of RA is unknown, innate immune responses are triggered and 
toll-like receptors (TLRs) are involved. Particularly, TLR-4 and TLR-2 seem to play a key role in inflammation and 
therefore in RA. When activated, these TLRs recruit adapter molecules, as myeloid differentiation primary response 
protein (MyD88) and tumor necrosis factor receptor associated factor 6 (TRAF6) in a signalling complex that 
activates the nuclear factor kappaB (NF-kB), that in turn induces transcription of several pro-inflammatory 
cytokines, such as tumor necrosis factor alpha (TNF-alpha), interleukin 1 beta (IL-1beta), interleukin 17 (IL-17), 
and of enzymes such as metalloproteinase 13 (MMP-13) and inducible nitric oxide synthase (iNOS).  
The aim of this study was to investigate the effect of high molecular weight HA at different concentrations on TLR-
4 and TLR-2 activity in CIA mice.  

Total RNA was isolated from mice cartilage tissue for reverse-PCR real time analysis of TLR-4, TLR-2, 
MyD88 and TRAF6 (RealTime PCR system, Mod. 7500, Applied Biosystems, USA), and the assay of TLR-4, TLR-
2, MyD88 and TRAF6 proteins was performed by Western blot. NF-kB p50/65 DNA binding activity and 
concentration of TNF-alpha, IL-1beta, IL-17, MMP-13 and activity of iNOs were also measured by ELISA assay in 
cartilage tissue. 

CIA induced increase of TLR-4, TLR-2, MyD88 and TRAF6 mRNA expression and of the related protein 
concentration in the cartilage of arthritic joints. Furthermore, high levels for TNF-alpha, IL-1beta, IL-17, MMP-13 
and iNOS were also detected in the affected joints. 

HA is a component of the extracellular matrix (ECM) and is essential for matrix assembly and fluid viscosity in 
cartilage. In vitro HA has been reported to exhibit cartilage-protective effects, with stimulation of chondrocyte 
proliferation, production of cartilage matrix, and inhibition of protease [1]. However, HA can act as a potent 
inflammatory agent [2,3]: the interaction of HA degradation products with TLR-2 and TLR-4 provides signals to 
initiate inflammation. This double role played by HA seems to be due to its molecular mass, and the effects appear 
to be related to its interaction with TLR-4 [3]. 

Intra-articular treatment with HA has become more widely accepted in the range of therapies to limit OA and 
RA pain, although the mechanism of the exerted protective effect of exogenous HA treatment is not fully 
understood.  

In the present study arthritic mice were treated with different doses of high molecular weight HA, and the 
treatment decreased inflammation and cartilage erosion induced by CIA. Similar results were obtained in previous 
experiments by glycosaminoglycan treatment in the rat [4,5]. Indeed, the data obtained show that in CIA treated 
mice the HA was able to reduce the expression of the two receptors TLR-2 and TLR-4  and  the pathway involving  
MyD88 and TRAF6, as well as the NF-kB activation-induced mediators of inflammation and cartilage degradation, 
TNF-alpha, IL-1beta, IL-17, MMP-13 and iNOs. The effects exerted by HA showed dose-dependent efficacy. These 
findings were further confirmed by the histological results, showing that damage was significantly attenuated. 
Such positive modulatory effect exerted by high molecular weight HA on all the parameters considered may depend 
upon its ability to bind protein structures, such as TLR-2 and TLR4, thereby exerting a block that prevents receptor 
stimulation by the specific ligands produced during arthritis. 

The results of the present work give support to the hypothesis that a balance should exist between pro-
inflammatory, TLRs binding, low molecular weight HA and anti-inflammatory, TLRs masking, high molecular 
weight HA. The overproduction of HA fragments in RA may be partially balanced by exogenous HA 
supplementation.  
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Pseudoxanthoma elasticum (PXE) is a genetic disorder characterized by skin alterations and laxity, angioid 

streaks and retinal haemorrhages leading to central vision loss, intermittent claudication, angina and myocardial 
infarction. We have recently demonstrated, on fibroblasts isolated and cultured in vitro from PXE patients, that the 
pathologic phenotype is associated to modified protein profile [1], to insufficient vitamin-K dependent carboxylation 
of calcification inhibitors as Matrix Gla Protein (MGP) [2] and to increased oxidative stress [3]. Interestingly, 
altered redox balance can be detected also in the circulation of these patients, being related to the severity of clinical 
manifestations [4].  

The present study has been undertaken with the aim to investigate if treatments with different antioxidants, 
alone or in combination, may re-establish fibroblast homeostasis.  

Human dermal fibroblast cultures were obtained after informed consent from 4 clinically healthy females, (41 ± 
8 years) which did not exhibit any sign of genetic, metabolic or connective tissue disorders and from 6 patients 
affected by PXE (44 ± 11 years). Fibroblasts were routinely cultured in DMEM supplemented with 10% FBS and 
treated for 48h with different concentrations of vitamin C, vitamin E, quercetin and kempferol alone as well as in 
combination. Superoxide anions (O2

-), hydrogen peroxide (H2O2), AOPP (Advanced Oxidation Protein Products) 
and protein carbonylation were investigated as parameters of oxidative stress. Furthermore, by Western blot we have 
evaluated the expression of proteins known to be involved in the pathogenesis of PXE.  In particular, we have 
focused on calumenin (CALU) and protein disulfide isomerase (PDI), two proteins of the endoplasmic reticulum 
that are involved in vitamin-k dependent MGP carboxylation [1], and on tissue non specific alkaline phosphatase 
(TNAP), that may contribute to the local increase of phosphate availability [5].  

Data demonstrated that each compound was capable of reducing the amount of ROS, but the effects were much 
higher when antioxidants were added in combination. Consequences on the level of H2O2 were negligible, whereas, 
already at low concentration, the four antioxidants significantly reduced the amount of O2 in control and PXE cells 
with beneficial effects on the amount of oxidized proteins and lipids. Therefore, the antioxidant mixture was able to 
ameliorate the redox balance in PXE cells. Next step was to investigate if the expression of CALU, PDI and TNAP 
could benefit from a reduced oxidative stress condition. Treatments, both at high and low doses, were not able of 
modulating the expression of proteins related to vitamin-K dependent carboxylation, as CALU and PDI, but were 
capable of significantly reducing  TNAP expression.  

In conclusion, from the present results we can envisage that antioxidants, possibly in combination, have positive 
effects in reducing i) the level of oxidative stress, which is significantly related to increased severity and progression 
of clinical manifestations [4], and ii) the expression of TNAP, an important marker of the mineralization process, 
whose involvement in PXE as been recently demonstrated [5]. Although the use of antioxidants is probably not 
sufficient to inhibit and/or to revert the mineralization process, never the less, i) it may improve the altered redox 
balance of PXE patients and, consequently, the severity or the onset of clinical manifestations, especially if used 
from early age; ii) it is avoid of side effects, and natural antioxidants, without being a true pharmacological 
treatment, could be employed as a diet integrator for long times; iii) it would contribute to decrease the local 
expression of TNAP, one of  the factors associated to the mineralization process. 
 
Work supported by a grant from PXE International and by a PXE Italian Fellowship awarded to FB. 
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Desbuquois dysplasia (DBQD) is an autosomal recessive chondrodysplasia characterized by severe prenatal and 
postnatal growth retardation, joint laxity, scoliosis and advanced carpal ossification with a delta phalanx. Two forms 
of DBQD have been described on the basis of the presence (type 1) or absence (type 2) of characteristic hand 
deformities. Studying 9 Desbuquois type 1 families, we identified 7 distinct mutations in the Calcium-Activated 
Nucleotidase 1 gene (CANT1): 4 were nonsense and 3 were missense mutations [1].  

CANT1 is a calcium activated nucleotidase that preferentially hydrolyzes UDP, but its function as well as its 
cellular localization is yet unknown. DBQD shares phenotypic features with Diastrophic dysplasia, namely 
advanced carpal bone maturation, and with recessive Larsen syndrome, namely congenital joint dislocations, which 
are both due to defects in cartilage proteoglycan sulfation.  

To test whether CANT1 deficiency interfere with the availability of UDP-sugars needed for proteoglycan 
synthesis, fibroblasts from two DBQD patients homozygous for the p.R300H and p.P245RfsX3 mutations 
respectively, and four controls were double labeled with [35S]sulfate and [3H]glucosamine in basal medium or in 
medium containing �-xyloside, a compound that enhances glycosaminoglycan synthesis. Labeled proteoglycans 
were purified, counted and normalized to the protein amount. Surprisingly, in the patient cells glycosaminoglycan 
(GAG) synthesis was almost normal under basal conditions when compared to the controls, but significant reduced 
GAG synthesis was observed in presence of �-D-xyloside, a compound that increases GAG synthesis acting as a 
chain initiator.  

To check whether CANT1 affects also the length of glycosaminoglycan chains during their synthesis, 
fibroblasts from three controls and the two DBQD patients were labeled with 35S-sulfate for 24 h in MEM. 
Glycosaminoglycan chains were released from the core proteins by alkaline borohydride chemical digestion and 
analyzed by gel filtration chromatography. Superose 6 of GAGs released from labeled proteoglycan by �-
elimination demonstrated that GAG chains in DBQD fibroblasts were shorter compared to the controls.  

These data suggest that CANT1 plays a role in proteoglycan and GAG metabolism and support its involvement 
in the endochondral ossification process. 
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The association between levels of specific lipoprotein classes and the risk of cardiovascular diseases is well known. 

The retention of low density lipoproteins (LDL) in the subendothelial space is thought to be the leading event in the 
development of atherosclerotic lesions. Although the molecular mechanisms underlying this process are only partially 
understood, post-translational and/or proteolytic modifications of apolipoproteins retained in vascular tissues are likely 
involved in modulating the development, progression and outcome of the atherosclerotic disease. So, the ability to identify 
and characterize specific isoforms and/or post-translational modifications of apolipoproteins correlated to specific vascular 
pathologies may improve our understanding of the underlying mechanisms regulating lipid metabolism. Recently, the 
apolipoprotein composition of the major lipoprotein classes as VLDL, LDL, and HDL in physiological conditions [1-3] 
has been studied by means of proteomic approaches. However, no data are available on apolipoprotein profiles in plasma 
fractions and atherosclerotic plaques in cardiovascular disease.  

The aim of this work was to characterize the apolipoprotein complement of circulating and plaque-retained 
lipoproteins of patients undergoing carotid endarterectomy by means of two-dimensional electrophoresis and mass 
spectrometry. For this purpose we purified plasma VLDL, LDL, and HDL by a single isopycnic density gradient 
ultracentrifugation. Each fraction was washed, dialysed and concentrated by centrifugal filter units. Plaques were minced 
and extracted in PBS solution containing a cocktail of protease inhibitors for 24 hours under continuous shaking at 4°C. 
Then, the extracts were ultracentrifuged at d 1.21 g/mL for 2 hours at 412000xg (15°C) to separate lipid-free from lipid-
bound products. The top fraction was washed as above and dialysed. Both plasma and plaque fractions were delipidated by 
adding 14 volumes of ice-cold tri-n-butylphosphate:acetone:methanol (1:12:1) and resolubilized with 4% CHAPS, 10 mM 
Tris, 1% DTT by repeated boiling and sonication steps. Then each fraction was added with 4% CHAPS, 8M urea, 0.2% 
ampholytes, 1% DTT and loaded into 70 mm   4-7 IPG strips. Isoelectric focusing was performed at 50µA/IPG strip for 25 
kVh at 20°C. The strips were then equilibrated under continuous shaking in 50mM Tris containing 6M urea, 30% (v/v) 
glycerol, and 3% (w/v) SDS with the addition of 1% (w/v) DTT for 15 minutes, followed by an equilibration in the same 
buffer without DTT, but with the addition of 2.5% (w/v) iodoacetamide for 15 minutes. SDS–PAGE was performed using 
15%T, 3%C separating polyacrylamide gels without a stacking gel, in a MiniProtean II cell vertical slab gel 
electrophoresis apparatus. Gels were stained with Sypro Ruby and images acquired with ChemiDoc XRS system. 
Subsequently, gels were stained by using mass compatible Coomassie Brillant Blue staining and images scanned at 
36.3µm resolution using GS-800 densitometer. Spots of interest were excised from the gel and protein identified by 
peptide mass fingerprinting after tryptic digestion. In summary, we have developed an assay to compare 2DE profiling of 
apolipoproteins extracted from plasma fractions and atherosclerotic plaques of the same subject. The technique seems to 
be suitable to detect potential changes of apolipoproteins associated to atherosclerosis and, eventually, to establish if they 
precede or follow the lipoprotein retention in vascular wall. The detection of potential changes in levels and PTM state of 
apolipoproteins could be an important tool for the development of novel markers of atherosclerosis. Moreover, identifying 
changes in the 2-D apolipoprotein profile could provide insight both in the underlying mechanisms regulating the vascular 
tissue metabolism of lipoproteins and in the development of novel diagnostic tools and/or future therapeutic agents.   

 
 

            
             Fig. 1. 2D-electrophoretic profiles of plasma VLDL (A), LDL (B) and HDL (C) associated proteins in atherosclerotic patients. 
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Megakaryocytes (Mks) and their progeny, circulating platelets, are specialized mammalian cells that participate 
in haemostatic and inflammatory functions. Megakaryocyte differentiation and proplatelets formation (PPF) occur in 
the bone marrow and the mechanisms of these processes are still poorly understood [1]. Many evidences indicate 
that the nature of the microenvironment surrounding Mks may play an important role in the regulation of platelets 
production within the bone marrow [2]. 

Mks were differentiated from cord blood derived CD34+ cells for 12 days. Mature Mks were plated on different 
collagen preparations or on different adhesive extracellular matrix (ECM) proteins. Mk spreading and PPF were 
evaluated by phase contrast (see figure) and fluorescence microscopy upon cell staining with phalloidin, anti-tubulin 
and anti-CD41 antibodies.  

We found that adhesion of Mks to fibrillar type I collagen inhibited PPF, but not Mk spreading that was 
maintained in 16 hour incubation and modulated by translocation of endogenous fibronectin to cell periphery. This 
process was strictly dependent on the adhesive substrate: in fact immunofluorescence staining of spreaded Mks on 
collagen I, but not on fibrinogen and other non-permissive ECM substrates, showed an exposure of endogenous 
fibronectin to the Mk cell membrane. The interaction of Mk with type I collagen seemed to be determined by its 
fibrillar structure and biochemical properties. Therefore we showed that chemical modification (N-acetylation) of 
collagen I, that leads to loss of negative charge on lysine residues and prevents “in vitro” fibrillogenesis, permitted 
PPF, while completely inhibited Mk spreading in 16 hour incubation [3].  

This mechanism seemed to be mediated by the exposure of intracellular fibronectin to the cell membrane and 
maintained by fibronectin polymerization and/or co-organization with ECM proteins that occurred only upon 
adhesion to fibrillar collagen I. We demonstrated that Mk collagen-dependent spreading and fibronectin assembly 
was influenced by transglutaminase activity. Moreover, we showed that cell behaviour, on different matrix 
substrates, was dependent on some biochemical signaling pathway leading to differential phosphorylation of 
diversified signaling proteins, that occurs when Mks were blocked in a spreading status. 

Therefore we hypothesized the existence of a reciprocal regulatory interaction between extracellular matrix 
structure and Mk function within the BM microenvironment. These experiments open new insights in the 
understanding of the correlation between physical and biochemical signals in the regulation of Mk functions. 
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Hypoxia inducible factor-1 (HIF-1) is a master regulatory transcription factor controlling multiple cellular 
responses, such as cell proliferation and survival, apoptosis, cell migration and invasiveness. Recently, there has 
been considerable interest in understanding the hypoxic and non-hypoxic upregulation of HIF in neoplastic cells 
since aberrant expression of HIF-1alpha correlates with tumor progression. Interleukin (IL)-1beta, besides its central 
role in inflammation, has been also recognized as a powerful player in tumor progression, angiogenesis and 
invasiveness. Increasing evidence accumulated over recent years suggests an additional role for IL-1beta in the up-
regulation of HIF-1alpha. Here, we studied the non hypoxic upregulation of HIF-1alpha by IL-1beta and its 
functional relevance in the migratory properties of the human breast cancer cell line MDAMB231. We observed that 
non-hypoxic induction of HIF-1alpha by IL-1beta in MDAMB231 was associated with increased cell migration, 
paralleled by upregulation of CXCL8/CXCR1 expression. Of interest, IL-1 enhanced also the expression of the 
protease-activated receptor (PAR)-1, a G-protein-coupled receptor, proteolitycally activated by thrombin, and 
recently associated with tumor angiogenesis and invasiveness in breast cancer. Inhibition of HIF-1alpha by siRNA 
reduced significantly both CXCR1 and PAR-1 expression and IL-1beta-induced cell migration in MDAMB231, thus 
confirming a role for HIF-1alpha in the non-hypoxic-IL-1beta-dependent induction of migratory responses. Our 
observation that IL-1 induces HIF-1alpha in MDAMB231 was confirmed in tumor cells growing in vivo using an 
experimental approach, that mimics the endogenous release of IL-1 in mice bearing MDAMB231 xenografts. Our in 
vivo data, along with the fact that inhibition of HIF-1alpha decreased of IL-1beta-promoted cell migration, further 
support the link between HIF-1alpha, inflammation and cancer. 
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The turn-over of extracellular matrix is a physiological process, that in normal conditions and in wound healing 

respond to spatial and temporal regulatory mechanisms, involving several cell-matrix interaction pathways.  
Profound changes occur both at cellular and extracellular level, during the progression of various forms of invasive 
carcinomas. 

Collagen alterations and cellular effects. The 
ultrastructural and biochemical analyses of the collagenous 
stroma of invasive ductal breast carcinoma have demonstrated 
the occurrence of extensive fragmentation of pre-existing 
collagen fibrils and new deposition of thinner fibrils formed 
mostly by �1(I)3 homotrimer collagen of type I [1-3], which 
appears preferentially produced by cancer cells [4]. More 
recently this collagen has been discovered to be resistant to 
collagenases, due to less efficient unwinding of homotrimers by 
MMP-1 [5]. 

When neoplastic cells are exposed to this collagen in an in 
vitro system, respond by increasing proliferation and migration 
rates, and display a proteomic [6,7] and genomic differential 
profiling versus the control cell cultures. Concurrently, we 

observed an increase of type V collagen, that when used as a substrate for cell culture, induced opposite effects to 
that exerted by the homotrimer collagen. A similar restraining effect was obtained when cells were induced to 
express decorin, a small proteoglycan lysine-rich [8]. Experiments conducted in vivo have revealed that the 
homotrimer collagen, applied on wound beds of treated guinea pigs, promoted keratynocyte migration into the 
granulation tissue, therefore confirming its propensity to facilitate local cell invasion and metastasis [9]. 

Fibrobalst influences. Fibroblasts are the major stromal cells with multiple roles, especially toward both the 
extracellular matrix and the neighbouring cell population, including neoplastic cells. We recently studied the effects 
exerted by fibroblasts on cancer cell (8701-BC) proteomics, using a trans-well coculture system. Our results clearly 
indicated that fibroblasts induce considerable proteomic modulations on 8701-BC, mainly in the cytoskeleton 
proteins and glycolytic enzymes. Additionally, fibroblast-conditioned medium increased neoplastic cell proliferation 
and invasion with a concurrent upregulation of the c-Myc oncogene. Collectively these results suggest that fibroblast 
stimulation may enhance the malignant potential of breast cancer cells in vitro [10]. 

In conclusion, the present information based on multidisciplinary approaches strongly suggest that the local 
microenvironment around the primary tumor, emanates influences of opposing signals, which may contribute in 
directing the neoplastic cells towards a more or less aggressive phenotype. The cartoon in the figure shows 
schemaytically this hypothesis. 
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The development of viable and functional Tissue Engineered Heart Valves (TEHVs) is a challenge that, for 

almost 2 decades, the scientific community has been committed to face in order to create life lasting prosthetic 
devices for treating heart valve diseases. One of the main drawbacks of tissue-based commercial substitutes, 
xenografts and homografts, is their lack of viability, and hence failure to grow, repair and remodel. In adults, the 
average bioprostheses lifespan is around 13 years, followed by structural valve degeneration, such as calcification; 
in pediatric, mechanical valves are commonly used instead of biological substitutes as in young patients the 
mobilization of calcium, due to bone remodeling, accelerates the calcification process. Moreover neither mechanical 
nor bioprostheses are able to follow children’s body growth. Since the year 2000, the number of surgical procedures 
for heart valve replacement has risen from 170.000 to more than 320.000 worldwide, at an increasing rate of almost 
6% per year [1]. Vesely I. [2] reported that a TEHV “rather than being a device that palliates a disease, promises to 
be curative: a living replacement for a diseased component of our physiology”. For the above mentioned reasons, 
the quest for ideal valved conduits for RVOT (right ventricular outflow tract) reconstruction is still pending. 
Durability, short and long term competency, host cell colonization leading to physiological ECM remodelling and 
growth potential are ideal requirements for any valve substitute. 

After an accurate study, according to previous experiences, our group decided to adopt the Vietnamese Pig (VP) 
to perform pulmonary root substitutions. VP offers several advantages compared to common breeding pigs, like the 
relative stability of the adult body weight as well as many similarities with the human heart physiology (heart size, 
cardiac output and blood pressure [3]. VP was thus assessed to be an optimal model for validating new surgical 
therapies. TRICOL decellularized porcine �-Gal negative aortic roots, from common swine, were used to replace 
RVOT in 4 vietnamese pigs (age 8-12 months) in a long term animal model up to 14 months (Group A). As a 
control group 2 animals had their RVOT resected and immediately reimplanted (Group B). Both groups underwent 
serial 2D and 3D echo evaluation prior to surgery and at 15 days, 1,3,6,9,12,14 months. The explanted valved 
conduits were analysed by histology, immunohistochemistry and electron microscopy. Cell characterization and 
radioactive S35 uptake were also performed. 

Group A: echo imaging showed preserved leaflets motility over time as well as no signs of calcification. At 14 
months range peak gradient: 15–25 mmHg; range mean gradient: 9–16 mm Hg. The implanted tissue revealed 
limited inflammatory infiltration with good endothelialization of luminal surfaces and cell engraftment with 
distribution similar to native condition. The leaflet colonizing fibroblasts displayed active sm-actin+ remodelling 
while wall presented myointimal markers, smooth muscle phenotype in medial layer and novel vasa-vasorum in the 
adventitia. TEM and metabolic analysis revealed new formation of cell to cell junction, neural fibres and matrix 
synthesis (collagen and elastin) as well as clear evidence of novel proteoglycans. Tissue positivity for stem cell 
markers and cell pattern of graft derived-primary cultures suggested cell repopulation originating from recipient 
bone marrow mesenchymal stem cells. Group B: valve analysis showed no fibrosis, no calcification with normal 
endothelial lining. At echo range mean gradient: 1,87-2,05 mmHg; range peak gradient: 3,45-4,05 mmHg. 

�-Gal negative TRICOL decellularized porcine aortic roots exhibited promising features permissive of 
spontaneous cell repopulation once transplanted into a long term large animal model. These valved conduits might 
represent a valuable solution for RVOT reconstruction specifically devised for pediatric population.  
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A very actual theme that has raised a large technological and scientific interest deals with the possibility of controlling 
polymer foams products to be employed as scaffolds for therapeutic uses like soft tissue or organs restoration.  

In ‘soft’ tissue applications, e.g. skeletal muscle or cardiovascular substitutes, mainly polymers are used whereas ceramics 
and metals are especially applied in ‘hard’ tissue replacements, e.g. bone substitutes.  

Polymers that are chemically synthesized offer several notable advantages over natural-origin polymers. A major advantage 
of synthetic polymers is that they can be tailored to suit specific functions and thus exhibit controllable properties. Furthermore, 
since many synthetic polymers undergo hydrolytic degradation, a scaffold’s degradation rate should not vary significantly 
between hosts. A significant disadvantage for using synthetic polymers is that some degrade into unfavorable products, often 
acids. At high concentrations of these degradation products, local acidity may increase, resulting in adverse responses such as 
inflammation or fibrous encapsulation. Poly(lactic acid) (PLA) is an alpha polyester used extensively in medical applications and 
it has been approved by the FDA for implantation in human body. Unlike glycolide, lactide is a chiral molecule and exist in two 
optically active forms; L-lactide and D-lactide. The polymerization of these monomers leads to the formation of semi-crystalline 
polymers. The polymerization of racemic (D,L)-lactide and mesolactide however, results in the formation of amorphous 
polymers. Among these monomers, L-lactide is the naturally occurring isomer. Similar to polyglycolide, poly(L-lactide) (PLLA) 
is also a crystalline polymer (~37% crystallinity) and the degree of crystallinity depends on the molecular weight and processing 
conditions. It has a glass transition temperature of 60–65 °C and a melting temperature of approximately 175 °C. Poly(L-lactide) 
is a slow-degrading polymer, has good tensile strength, low extension and a high modulus (approximately 4.8 GPa) and hence, 
has been considered an ideal biomaterial for load bearing applications, such as orthopaedic fixation devices. 

The largest part of porous structure are produced by technique based on liquid-liquid phase separation of polymer solutions 
[1]. Depending on the use of a thermal or diffusive driving force the technique is called TIPS or DIPS (Thermally o Diffusion 
Induced Phase Separation). The phase separation method described in the literature are often coupled together to obtain a larger 
number of process controlling parameters; the study of the phase separation thermodynamics and kinetics is essential for the 
analysis of the influence of the different parameters on the final morphology. By changing the polymer concentration, the 
solvent, the cooling rate and the final temperature, it could be possible to change phase separation path, thus leading to scaffolds 
exhibiting different morphologies [2]. 

While there have been significant advances in expanding skin cells and delivering them to patients for the treatment of 
extensive skin loss due to burn injury or chronic wounds, one major challenge which remains is the production of 3D tissue 
engineered skin which has both an epidermal and a dermal layer [3]. Autologous cell material from skin contains keratinocytes 
and fibroblasts in co-culture; however, individual cell types can be cultured and seeded separately onto the wound-healing 
scaffold [4]. The majority of dermal replacement materials currently in use are based on scaffolds of bovine collagen (e.g. Integra 
or human donor allodermis). Another problem that has come to light recently in tissue engineering field is the vascularisation of 
the scaffold once implanted. As the speed of vascularization after implantation is a major problem in tissue engineering, the 
successful use of tissue-engineered constructs is currently limited to thin or avascular tissues, such as skin or cartilage, for which 
postimplantation neovascularization from the host is sufficient to meet the demand for oxygen and nutrients. To succeed in the 
application of tissue engineering for bigger tissues, such as bone and muscle, the problem of vascularization has to be solved [5]. 
Vessels may also grow from within a scaffold seeded with EC to help enhance the rate of vascularisation. The interaction of EC 
with other cell types in vivo has been seen to promote and maintain vascularisation. The aim of using co-culture is to mimic the 
beneficial and complex interactions between cells to create and maintain vascularisation in vitro. Unger et al. demonstrate the 
formation of a tissue-like self-assembly of extensive microcapillary-like structures with lumina by endothelial cells on 
biomaterials in coculture with osteoblasts, but not when cells were cultured on biomaterials alone in the presence or absence of 
an exogenously supplied angiogenic stimulus [6]. 

In the present study two different kinds of scaffold were prepared: a PLLA scaffolds for dermal replacement and a 
composite scaffold for regeneration of tissue that require a high degree of vascularisation. The former should allow the 
keratinocytes 2D growth on its surface and fibroblasts 3D growth in the porous internal structure; the latter presents a porous and 
interconnected structure for the 3D growth of the cells and in its inner a well-integrated tubular shape scaffold for the endothelial 
cells (ECs) growth. Preliminary co-culture tests carried out on both scaffolds showed that the human fibroblast seeded in the bulk 
of the scaffold were able to grow and proliferate and that a keratinocytes cell layer can succesfully populate the external surface 
of the scaffold. Moreover, the endothelial cells grew into the vessel like scaffold organized themselves in a well differentiate 
vessel structure. 
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Elastosonography is an ultrasound (U.S.)-based method of recent acquisition that aims to discriminate the 
different degree of elasticity proper of soft tissues. 

This method, introduced for the first time in 1991, allows viewing in real-time, via a window of color image 
superimposed on B-mode to the elastogramme of reference, the different degree of refraction suffered by the 
ultrasound beam, as a result of progressive pressure exerted by the operator with the transducer on the structures in 
question.  

The information on colorimetric grading identifies the blue as the maximum of tissue hardness, such as the 
bony structures, and the red as the highest level of elasticity proper of the fluid. The yellow and green colors 
represent intermediate degrees of tissue stiffness.  

Our elastosonographic study was applied to the musculoskeletal apparatus of 40 healthy volunteers, aged 
between 18 and 45 yr, practicing sports, both amateurs and professionals. Upper and lower limb muscles have been 
examined bilaterally, both in release and active contraction and in clino- and orthostatism as regards the lower limb.  

All the subjects have performed specific tests for muscular contractility assessment, which are universally 
acknowledged strength-power parameters as predictors of sprinting performance - counter movement jump-test 
(CMJ), mono and bipodalic isokinetic test, before and after a 5-weeks-training, by subsequently comparing the 
parameters relative to the musculo-tendinous contracting response to the data obtained by the elastosonography 
study. 

At the end of training, each group showed a statistically significant improvement in muscle performance, 
demonstrated both in the CMJ test (p < 0.001) and the isokinetic test (p < 0.01). In the CMJ test, muscle explosive 
force increased by 11.7% after the 5 weeks training sessions. The isokinetic test showed a considerable increase of 
11.6% in extensor muscles and an increase of 28% in flexor muscles. In all subjects it has been possible to confirm, 
the exact correspondence found between the values obtained by the specific functional tests and the 
elastosonography response.  

In conclusion, the ability to appreciate the degree of elasticity, is a further completion of the U.S. study, also in 
terms of pre-assessment at the beginning of any athletic program, allowing the “athlete by athlete trainings”, in order 
to avoid the risk of injury that often occur during the recovery phase of the sport, whether it could be after a trauma, 
or after the season stop. The study by elastosonography sets itself as a valuable support in the clinical follow-up of 
muscle damage, allowing a more accurate assessment of functional recovery in relation to the real condition of 
muscle fibers affected by the repair process. 
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Tissue inhibitor of metalloproteinases 3 (TIMP-3) is a protein inhibitor of matrix metalloproteinases, but it also 
inhibits some members of the ADAMs (disintegrin metalloproteinases) and the ADAMTSs (ADAMs with a 
thrombospondin domains) families. TIMP-3 is secreted from many cell types and it binds to the extracellular matrix 
(ECM). However, it has recently shown that it is internalized by the cell after secretion. It was proposed that this 
process is mediated by a member of the LDL receptor-related protein (LRP) as the receptor-associated protein 
(RAP) inhibits TIMP-3 internalisation. Since addition of calcium pentosan polysulfate or heparin to chondrocytes or 
HTB94 chondrosarcoma cells results in an accumulation of TIMP-3 in the medium, it was suggested that cell 
surface bound heparan sulfate proteoglycans (HSPGs) may also be involved in TIMP-3 endocytosis [1]. 

In this study a radioactivity-based assay was used to follow the endocytosis of TIMP-3 and its N-terminal 
inhibitory domain (N-TIMP-3). TIMP-3 was internalised by a chondrosarcoma cell line (HTB94) and then the 
protein underwent lysosomal degradation and its fragments were released into the extracellular milieu. N-TIMP-3 
was also internalised with a similar rate, suggesting that the N-terminal domain contains the minimal residues 
required for HSPG and LRP binding. Both TIMP-3 and N-TIMP-3 internalizations were inhibited by RAP, which 
didn’t affect their binding to the cell surface. Heparin interfered with TIMP-3 and N-TIMP-3 binding to the cell 
surface and completely blocked their endocytosis. Confocal microscopy was also used to visualize exogenously 
added FLAG-tagged TIMP-3 being internalised by HTB94 cells.  

To elucidate which member of the LRP family is involved in TIMP-3 endocytosis, LRP-1-deficient mouse 
fibroblasts (PEA-13 cells) were tested for their ability in internalizing TIMP-3. Internalization of TIMP-3 by PEA-
13 cells was slower compared to wild-type mouse fibroblasts (MEF-1 cells), but still effective.  

We proposed that an LRP-1-dependent pathway is involved in the TIMP-3 endocytosis as a main mechanism. 
Nevertheless, an LRP-1-independent pathway is also effective. We hypothesized that an HSPG may recruit TIMP-3 
on the cell surface, functioning as co-receptor, and transfer it to LRP-1 for its two-step endocytosis. Alternatively an 
HSPG, could mediate the LRP-1-independent endocytosis of TIMP-3 itself, functioning as a receptor.   

The hydroxamate metalloproteinase inhibitor GM6001 was used to determine whether TIMP-3 could be 
internalised alone, or in complex with metalloproteinases secreted by HTB94 cells. The pretreatment of HTB94 
cells with GM6001 did not affect the kinetics of internalisation of TIMP-3. The complex formation of TIMP-3 with 
MMP-1 inhibited the protein internalisation compared that of free TIMP-3.  

The mutation G166C in the TIMP-3 gene which leads to the Sorsby’s Fundus Dystrophy in human produces a 
mutant form of TIMP-3 which has a longer turnover in the ECM compared to the wild type counterpart [2]. Our 
studies demonstrate that the G166C-TIMP-3 is endocytosed less than the wild-type TIMP-3. 

These data suggest that endocytosis of TIMP-3 might be a pivotal mechanism to control the level of free 
inhibitor in the ECM and impairment in the its endocytic mechanism could lead to detrimental effect for tissue 
physiology. 
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Versican is a main proteoglycan (PG) of the extracellular matrix (ECM) of the early embryo and our recent 
results suggest that, in Xenopus, it is expressed as a maternal gene. A number of our previous and other 
investigators’ studies in the Mexican axolotl, chick and mouse embryos have indicated a clear importance of this PG 
in controlling the neural crest cell (NCC) migration, although the way it regulates this movement and the 
significance of its effect on the process are currently controversial: some Authors suggest that Versican has a 
braking role on NCC motility, while Others hypothesize that it acts as a haptotactic mobility factor during NC 
development. 

In our previous study we found that Versican in Xenopus is duplicated in two differentially expressed and 
alternative spliced genes generating a total 8 isoforms, 3 homologous to the V1 variant, 2 resembling the V2 
isoforms and one corresponding to the amphibian V3 orthologue. Expression mapping during development reveals 
early expression of only V0-1 and V3 variants, although the two isoforms show a trend inversely proportional. 
Expression data have further been validated by in situ hybridization, Western blotting and immunohistochemistry 
using previously described and proprietary antibodies. 

In order to investigate XVersican function during neural crest migration, we have performed loss-of-function 
studies using morpholino antisense oligonucleotides, injected at high concentration. Morpholino oligonucleotides 
(GeneTools) are a powerful approach to loss-of-function analysis. In particular, a morpholino antisense 
oligonucleotide was designed against the 5’UTR of Xenopus Versican adjacent to the initiation start and 
microinjected in Xenopus embryos at the two- or four-cell stage in one-half of the embryo. A control morpholino 
was synthesized as a random sequence of the same length (Gene Tools, Philomath, OR). Embryos was routinely co-
injected with morpholino oligos and  lysine fixable fluorescein dextran (40,000 Mr; FDX, Molecular Probes) as a 
lineage tracer into one blastomere at the two-four cell stage in 0.1 MMR supplemented with 4% Ficoll. Thus, in 
order to point out and the correlation between the spatial-temporal XVersican expression in the NCC migratory 
pathways and the effects of Versican loss-of-function on NCC migration in situ hybridization assays were 
performed. Therefore, untreated and microinjected embryos were fixed at the 23, 28 and 34 stages (Faber 
classification) which are the typical stadium of the NCC migration in X. laevis. Xversican loss-of-function effects on 
NCC migration were tested by analysis of the neural crest marker expression, Xtwist, at the above highligthed stage 
(Fig. 1).  
 

 
 

Fig.1. Embryonic phenotype after high concentration morpholino injection. The injected side shows an increased twist gene expression. 
 

The results we obtained, although strongly influenced by the presence of XVersican maternal mRNA, support 
the hypothesis whereby a Versican reduction in the embryo ECM leads to a kind of “disorientation” of the NCC 
during the early stages of their migration, resulting in a layered cells accumulation along the migration interstitial 
spaces. This observation is in agreement with a haptotactic role of Versican on NCC motility. 
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Tumor progression and metastasis represent the leading causes of cancer related death. One of the major 

features that may contribute to neoplastic cell dissemination is the progressive and local degradation of the 
extracellular matrix (ECM) surrounding the primary tumour. Degradation of the ECM requires the coordinated 
action of a number of enzymes produced locally by neoplastic cells and/or stromal cells. Five categories of 
proteinases have been implicated in the invasive process: serine, cysteine, aspartic, threonine proteinases and matrix 
metalloproteinases (MMPs), also known as matrixins, which play a key role as terminal effectors of the proteolytic 
cascade. 

At present 23 members of the matrixin family have been found in humans and classified into subsets of 
enzymes, according to their molecular domains and preference for the substrates. Since the classic work of Liotta 
and collaborators [1], much attention has been focused on MMP-2 and MMP-9 because of their ability to degrade 
type IV collagen, a major constituent of basement membranes. MMP-9 and MMP-2 are secreted by cells as 
zymogens; both enzymes are activated, by the cleavage of their amino-terminal pro-domains, through distinct 
pathways operating at the cell-matrix boundary [2]. Tissue detection of MMPs has suggested that augmented 

secretion and proteolytic activation of MMPs is often associated 
with tumor metastasis. Several authors have also detected 
incremented levels of circulating forms MMP-2 and MMP-9 in 
oncologic patients [3-6]. However, their clinical applications remain 
controversial. To confirm and extend our previous observations, in 
this study we analyzed the circulating forms of MMP-9 and MMP-2 
in serum samples of 56 selected breast carcinoma patients, in 
comparison with the enzymatic activities present in tissue extracts 
from surgical fragments (primary tumor and its paired healthy 
tissues) of same patients. The activity levels of MMP-2 and MMP-9 
were detected by gelatin zymography and quantified by 
ImageQuant TL. Two bands of activity, corresponding to the 
proforms of MMP-9 and MMP-2, were detected in the serum 
samples and tissue extracts of all oncologic patients, but with highly 
variable levels of intensity. In general the intensity of lytic bands 
was higher in serum than in the tissue extracts. In addition, most 
serum samples, and some of the tissue extracts, displayed additional 
proteolytic bands at higher Mw, corresponding likely to complexed 
forms of MMP-9 [5]. As previously reported for a pilot number of 
cases, lytic bands corresponding the activated forms of the two 
gelatinases were uniquely present in the tumor extracts, and absent 

in the paired normal tissues, thus confirming the hypothesis that activation of the enzymes is a key step during the 
invasive growth of the tumor.  

In order to assess the possible association between MMPs activities and other proteins potentially involved in 
tumor progression, we correlated the activity levels of both MMPs with the proteomic-based expression levels of the 
S100 protein members. One of the reasons of interest for this family of proteins is because there is increasing 
evidence that S100 proteins are often up-regulated in many cancers, including breast cancer, and this is frequently 
associated with tumour progression.  

Interestingly we have observed a correlation between the gelatinase activity levels and expression levels of 
some S100 proteins. 

In conclusion, our results, which show higher variability of MMP-9 levels suggest its usefulness as a marker 
evaluable both in the follow-up and in the prognosis of breast cancer patients.  
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In order to understand differences in CXCR4-mediated cell activation, unveiling of receptor proximal signaling is 
critical. We hypothesized that in the case of G-protein coupled receptors, such as CXCR4, receptor-associated proteins 
may not only bind to linear epitopes (e.g. at the C-terminus), rather recognize multiple sites of the three dimensional 
structure. To this end CXCR4 we established an immunoprecipitation protocol which allows the isolation of CXCR4 in its 
native conformation. Our solubilization protocol permits to efficiently immunoprecipitate CXCR4 with the antibody 
12G5, which recognizes a conformational epitope constituted by the second and third extracellular loop or by a pull down 
of the receptor using a biotinylated CXCL12. Immmunoprecipitates were separated on 1D SDS-PAGE and protein bands 
analyzed by mass spectrometry. The data revealed a number of proteins that were selectively found to be associated with 
CXCR4, but were completely absent when an irrelevant antibody was used. Among the specific binding partners we found 
the eukaryotic translation initiation factor 2B (eIF2B) comprising all its 5 subunits [eIF2B is the GEF for eF2, which when 
loaded with GTP binds t-RNAMet and forms the ternary complex required for initiation of translation]. Our observation 
was surprising considering the localization of CXCR4 at the plasma membrane and the typical sites of protein synthesis. 
However, the highly reproducible finding was confirmed in different experimental settings and led us to hypothesize a 
new mechanism of CXCR4-induced signal transduction. Thus, we propose that CXCR4 may stimulate protein synthesis 
from pre-existing mRNA near the plasma membrane. We found that following stimulation association of eIF2B with 
CXCR4 decreases, suggesting that the released eIF2B could promote initiation of translation. The observation that the 
eukaryotic initiation factor eIF2B associates with CXCR4 opens a new view on chemokine-induced signal transduction. 
The concentration of eIF2B is a critical step in the assembly of the ternary complex, GTP and tRNAMet, we propose that 
SDF-1 mediated release  of eIF2B from CXCR4 increases the cytosolic concentration of this GEF thereby enhancing the 
formation of ternary complex. The cytoplasmic tail of CXCR4 contains 18 serine/threonine residues which are  targets for 
phosphorylation by G-protein coupled receptor kinase (GRK) and second messenger-activated kinase (PKC and PKA). 
Receptor phosphorylation is known to be necessary for the homologous and heterologous receptor desensitization and 
internalization. The C-terminal part of CXCR4 has been proposed to function as recruitment site for scaffold molecules 
that in turn anchor other protein to the receptor, a feature that distinguish CXCR4 from classical chemokine receptors and 
may account for its unusual signaling characteristics.   

The receptor binding site for eIF2B is still unknown. To characterize this association osteosarcoma cells were 
transfected  whit the full-length CXCR4 and a C-terminal truncated mutant version of the receptor, both tagged whit an 
SV5 tag. The receptor was immunoprecipitated from cell lysates using an antibody against the tag. Preliminary results 
indicate that while the cytoplasmic tail of CXCR4 is dispensable for eIF2B/CXCR4 association the SDF1-induced release 
of the translation initiation factor requires the intact receptor. We can speculate that the C-terminus of CXCR4 
encompasses the docking site for a kinase or other factor necessary for activation and release of eIF2B. Alternatively the 
c-terminus of CXCR4 could be necessary to the proper conformational switch resulting in the release of the factor. 

Induction of protein synthesis at the cell periphery via CXCR4 stimulation has never been demonstrated. However, 
ribosomes were observed in lamellipods and it was proposed that localized translation in response to extracellular stimuli 
may be critical for the migration of (tumor) cells. The mRNA of actin is found in the leading edges of migrating cells 
where also translation of the gene has been reported. The mRNA was shown to be transported from the nucleus to the 
periphery through a sequence of 54 nt at 3’ UTR called 'Zip code'. The Zip code is recognized by a protein named ZPB1 
which binds the mRNA in the nucleus and prevents its translation. In the periphery the ZBP1 becomes phosphorylated at 
tyrosine residues by a membrane associated Src kinase and is released from the mRNA, which is subsequently translated 
by peripheral ribosomes near the plasma membrane. We are testing the hypothesis that upon stimulation of CXCR4, and 
the release of eIF2B the activation of Src kinase can induce actin synthesis and contributes migration of tumor cells. To 
this end Immunofluorescence microscopy will be used to better visualize local CXCR4-mediated protein synthesis. Tumor 
cell lines were transfected with the different fluorescent reporter constructs in which the cDNA of the fluorophore is 
flanked (3' UTR) by a Zip code of actin mRNA,  the synthesis of the reporter was analyzed upon CXCR4 stimulation with 
SDF-1. Confocal microscopy imaging was used to analyze the motility of this transfected cell lines upon receptor 
stimulation. Stimulated cells start to produce lamellipodia and several other protrusions in which the fluorescence reporter 
signal is clearly preferentially localized. In spite of this promising results, in the use of this constructs we stumbled against 
various technical problems: for example how can we clearly demonstrate that in this peripheral structures the observed 
fluorescent signal is due to the real ex-novo protein synthesis and not to the re-localization of pre-synthesized proteins One 
should point that transfected cells were already showing a high fluorescence signal in the absence of any stimulation. To 
solve this issue we performed some photobleaching experiments, in order to destroy the pre-existent proteins and to 
visualize SDF1-induced fluorescent protein synthesis. Another solution will be to construct using a reporter were the 
fluorescent protein flanked by the 54 bp ZIP-CODE is the photoconvertible molecule KAEDE. The KAEDE protein emits 
bright green fluorescence but it can be irreversibly converted to a red fluorescent protein by stimulation with UV-light 
(photobleach). Prior to stimulation we will photoconvert the pre-existing protein. In this way the pre-existing protein (red) 
can be distinguished from the newly synthesized protein (green). 
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Fig. 1: Gel window comprising an area covering a pI/kDa range of 4.5-7/15-9 kDa, 
where the majority of known members of S100 proteins, are expected to localize. 
After a comprehensive screening of protein spots included in this area, in different 
proteomic maps, we identified 7 different S100 protein members and isoforms. 
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S100 proteins are low molecular weight proteins ranging in size from 9 to 13 kDa. They form homo- and 
heterodimers and even oligomers and are expressed in tissue and cell-specific manner [1]. It is well documented, 
infact, that S100 proteins have a broad range of intracellular and extracellular functions. Intracellular functions 
include regulation of protein phosphorylation, enzyme activity, calcium homeostasis, regulation of cytoskeletal 
components and regulation of transcriptional factors, so they are involved in several biological processes including 
cell cycle regulation, cell growth, cell differentiation, and motility [2]. Extracellularly they act in a cytokine like 
manner through the receptor for advanced glycation end products (RAGE). In consideration of the critical roles 
played by S100 proteins in such large spectrum of biological activities, is not surprising that improper expression of 
S100 members is correlated with many pathologies and especially with cancer. A number of S100 proteins have 
been shown to interact with oncogenes and various proteins involved in cancer progression, including p53, 
cytoskeletal proteins, MMPs, and others [3,4].  

In this study we aimed to perform a large-scale proteomic investigation on breast cancer patients for the 
screening of multiple forms of S100 proteins. 

The 100 surgical tissues of ductal infiltrating breast cancer utilized were collected between 2003 and 2007 in 
the Breast Unit of the La Maddalena Hospital. Tissue extracts were submitted to proteomic preparations for2D-IPG 
and protein identification was performed by peptide mass finger printing.  

The S100 protein members identified in different proteomic maps were: S100A2 (protein S-100L), S100A4 
(metastasin), S100A6 (Calcyclin, Prolactin receptor-associated protein), two isoforms, S100A7 (psoriasin), two 

isoforms, S100A8 (Calgranulin-A), 
S100A11 (Calgizzarin), three isoforms and 
S100A13 (S100 calcium-binding protein 
A13) (Fig. 1). Our results have shown that 
the majority of S100 proteins were present 
at very low levels, if not absent, in the non-
tumoral tissues adjacent to the primary 
tumor. Moreover, we showed that some 
S100 protein members were ubiquitously 
expressed in almost all patients, while 
others appeared more sporadic among the 
same group of patients. The Association 
analysis of S100 members with tumor 

variables (age, tumor size, nodal status, immuno-cytochemical, presence of HER-2, oestrogen receptors, 
progesterone receptor, and Ki67), showed no significant correlations of except for S100A6 (isoform b) and 
S100A13 correlating with Ki67. More interestingly, patients which developed distant metastases after a three year 
follow-up showed a general tendency of higher S100 protein expression, compared to the disease-free group. The 
most robust correlation with metastasis regarded primarily the protein S100A4, and secondly the protein S100A7. 

We believe that this information may substantially contribute to the progress of protein profiling of breast 
cancer and help to organize subclasses for clinical applications.  
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Cross talk between tumor cells and connective tissue plays a key role in tumor progression. The communication 

is due to the release of signalling molecules from both tumor cells and surrounding stromal cells. Several secreted 
proteins lack the N-terminal signal peptides and, therefore, they are secreted by alternative unconventional processes 
such as secretion mechanism mediated by vesicle shedding in the extracellular matrix. Actually, a certain number of 
proteins, playing roles in some aspects of tumor progression, have been found in shed vesicles. For example, 
EMMPRIN, carried out in vesicles shed by tumor cells, stimulates matrix metalloproteinase (MMP) production in 
stromal fibroblasts and endothelial cells as well as in tumor cells themselves [1]. Moreover, MMPs vehicled by 
tumor shed vesicles in association with Integrin beta1 induce the adhesion to and the degradation of extracellular 
matrix, thus helping cell migration and tumor invasion [2]. Notably vesicles carry many proangiogenic growth 
factors, such as VEGF [3] or FGF-2 [4] and enzymes as well as SphK1 [5], which act synergistically on endothelial 
cells to promote neoangiogenesis. Therefore, in cancer state extracellular shed vesicles play a role in tumor 
progression, through several mechanisms that are elicited in the connective tissue. Two main kind of vesicles, 
named membrane ones and exosomes, were described; membrane vesicles are thought to be produced by a 
mechanism similar to virus budding, and their diameter ranges between 100nm-1 µm, while exosomes are smaller 
vesicles (10-100nm diameter) deriving from the endosomal pathway. Both kinds of vesicles are involved in 
transporting signal molecules to the extracellular milieu, but distinct roles are not yet been clarified. As reported by 
Muralidharan-Chari [6] the two vesicle populations can be separated by differential centrifugation: membrane 
vesicles are sedimented at relatively low speed centrifugation while exosomes require a 100.000g 

ultracentrifugation. Since the extensive characterization of those 
vesicles can enlighten their role in cancer progression, 
especially for what concerns their interaction with the 
surrounding connective tissue, this work was focused on the 
proteomic characterization of vesicles shed in vitro by MDA 
MB 231, a continuous cell line derived from an invasive breast 
carcinoma which release vesicles also in serum-free medium 

[7]. 24 hours conditioned serum-free medium was collected and, 
after two low speed centrifugations to remove cell debris, it was 
centrifuged at 15000g for 30 minutes to sediment membrane 
vesicles. The resulting supernatant was ultracentrifuged at 
100.000g for 90 minutes to sediment exosomes. Both pellets were 

analyzed through a proteomic approach, in parallel with the total cell lysate. This was the first study in which 
15000g pellet undergoes proteomic analysis, separately from 100000g pellet. MDA-MB 231 proteome was 
characterized by comparison with the reference map of 8701 BC cells, another cell line derived from ductal invasive 
breast cancer which had been extensively characterized [8]. The 2D gels obtained from the 15.000g and the 
100.000g sediments were compared with the one of MDA MB 231 total cell lysate. Both proteomic profiles differ 
from the one of cell lysate and some differences are also observed between each other. In particular, the pellet at 
15.000g, which in some other studies was considered as containing cell debris, differs from the proteomic profile of 
cell lysate in some protein component. The analysis by Image Master software showed also the enrichment in 
vesicles and exosomes of proteins which were not detectable in the cell lysate. Data from in silico analysis are now 
subjected to LC-MS analyses in order to confirm presumed identification of proteins observed also in the cell lysate 
and to identify unknown proteins observed in shed vesicles and exosomes. Those molecules could have important 
roles regarding the vesicle functions and their characterization could help in elucidating the pathways involved in 
connective tissue-shed vesicle interactions during cancer progression. 
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Fig. 1: Proteomic analysis of vesicles shed by MDA 
MB 231 breast cancer cells. Left: 2D-page of vesicles 
sedimented at 15,000xg; right: 2D-page of vesicles 
sedimented at 100,000xg (probably exosomes).  
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Chronic myeloid leukemia is a clonal hematopoietic stem cell disorder in which leukemic cells display a distinctive 
shortened chromosome, the Philadelphia (ph) chromosome generated from a reciprocal t(9:22) translocation. This 
translocation results in the head-to-tail fusion of the breakpoint cluster region (BCR) gene on chromosome 22 with the 
ABL proto-oncogene on chromosome 9. The encoded chimeric Bcr-Abl oncoprotein exhibits constitutive tyrosine kinase 
activity leading to its autophosphorylation, to activation of multiple signaling molecules, including p21Ras, signal 
transducer and activator of transcription 5 (STAT5), phosphoinositide 3-kinase (PI3-kinase) and integrin-linked pathways. 
As a consequence, Bcr-Abl leads to increased proliferation, inhibition of apoptosis and altered adhesion of leukemic blasts 
to bone marrow (BM) microenvironment. The understanding the process of leukemogenesis driven by this oncogene is 
still an important research objective. At this regard a field of investigation is represented by the study of bone marrow 
(BM) microenvironment as active participant in resistance to therapies. This microenvironment is characterized by 
different populations of accessory stromal and T cells along with other factors including extracellular matrix and vessels. 
A large number of evidences indicate  that BM is the source of signals, both soluble and insoluble, which modulate the 
growth, long-term survival, disease progression and importantly the drug-response of various hematologic malignancies, 
including precursor B-lineage acute lymphoblastic leukemia and CML. Additionally, other studies showed that increased 
bone marrow vascularity (angiogenesis) is part of the pathophysiology of human CML. Patients with CML in blastic phase 
(CML-BP) have a marked increase in bone marrow microvessel density where it represents an independent, adverse 
prognostic feature. Microvesiscles released by malignant cancer cells constitute an important part of the tumor-
microenvironment as they can transfer various messages to target cells and may be critical to disease progression. Among 
microvesiscles types, exosomes have attracted recently the attention of scientists for their possible role in cell-to-cell 
communication [1]. Exosomes are small vesicles of 40-100 nm diameter that are initially formed within the endosomal 
compartment and are secreted when a multivesicular body (MVB) fuses with the plasma membrane [2]. These vesicles are 
released by many cell types including reticulocytes, T lymphocytes, mast cells and epithelial cells [3, 4]. It is known that 
exosomes transport pro-apoptotic, regulatory proteases and angiogenic molecules [5, 6]. Although only few papers have 
indicated the production of exosomes in CML cells, namely K562 cells [7] no data are available regarding the possible 
role of these vesiscles in CML biology. 

Studies performed in our laboratory highlighted that also LAMA84 CML cells release exosomes and we evaluated the 
effects of these microvescicles on endothelial cells representing one of major cytotype of bone marrow microenvironment. 
Firstly, since exosomes functionality appears to be determined by its specific protein content, exosomes derived by 
LAMA84 cells were analysed by a MudPIT-based proteomics analysis, by using a high mass accuracy Orbitrap MS and 
rigorous identification criteria. The obtained data confirmed that the isolated vesicles were exosomes and also provided 
more and useful information regarding the comprehensive proteome profile of these microvesicles. Furthermore, 
functional experimental data showed that the addition of microvesiscles to endothelial cells (EC) stimulated an angiogenic 
phenotype. Motility assays demonstrated the ability of LAMA84 exosomes to increase the migrating activity of EC and 
this observation was also confirmed by wound healing assays. Moreover, we also highlighted, by Real Time PCR 
analyses, that EC stimulated by exosomes increased expression of adhesion molecules (ICAM-1, VCAM-1 and E-selectin) 
and production of the angiogenic IL-6 as well as other cytokines involved in paracrine cross-talk with leukemia cells. In 
order to better understand the functional meaning of the increased expression of adhesion molecules, we performed 
adhesion assays of CML cell on HUVEC monolayer. The results showed that the number of adhered CML cells increased 
in function of exosomes dose. On the other side, confocal microscopy experiments showed that exosomes treatment 
induced in EC cells the delocalization of VE-cadherin and �-catenin from plasma membrane to cytoplasm. Overall these 
observations may support the hypothesis that exosomes released by CML cells facilitate the in vivo intravasation of 
leukemic blasts and consequently their diffusion by bloodstream. Finally, the pro-angiogenetic role of LAMA84 exosomes 
was also confirmed by in vivo experiments on nude mice. Actually, we are deeply analysing the proteomic data in order to 
show up the presence in exosomes of proteins having specific roles in regulation of the biologic processes we observed. 
The comprehension of new cross-talk mechanisms and new molecular targets involved in leukemic cells diffusion may 
contribute to develop new therapeutic approach for the treatment of CML. 
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Since the year 2000, the number of surgical procedures for heart valve replacement has risen from 170.000 to 

more than 320.000 worldwide, at a increasing rate of almost 6% per year [1,2]. Different types of prosthetic valve 
are used: mechanical, biological and homograft. However, drawbacks and undesired collateral effects leading to the 
valves failure in the middle-long term. The solution would be the use allogenic heart valves (homograft), but given 
the insufficient number of donors, xenotransplantation may be the path to follow by using acellular xenogenic 
tissues thus avoiding glutaraldehyde fixation. In fact an unavoidable problem about the use of xenogenic tissues, is 
the presence of the alpha-Gal antigen, responsible for the hyperacute and acute vascular rejection of xenografts [3-
5]. The purpose of this study is the development of a quantitative/qualitative ELISA alpha-Gal soft-tissue-test to 
evaluate the amount of the possible residual epitope in porcine heart valves decellularized by a detergent-based 
procedure [6]. Such method was reported to be suitable for preparation of acellular and biocompatible heart valve 
scaffolds without affecting the extracellular matrix [7].  

The native tissue (Nt) is subjected to enzymatic digestion preserving its carbohydrate components and 
subsequently reacted with a specific primary alpha-Gal monoclonal antibody. The primary antibody remaining free 
(haven’ t bound the alpha epitope) is revealed by a secondary antibody HRP-conjugate. The amount of alpha-Gal 
epitope is determined by comparison with a standardized source of the alpha-Gal antigen (rabbit erythrocytes). 
Decellularized porcine heart valves (Dc) either aortic or pulmonary, are obtained by a procedure combining non-
ionic and ionic detergent, followed by enzymatic digestion of nucleic acids. According to the paper of Boughner and 
colleagues [8], we also investigated whether, the distribution of endothelial cells related to valve microvasculature, 
might contribute to the density distribution of alpha-Gal epitopes. Thus, each Nt and Dc leaflet was divided into four 
regions: basal, right, left and coaptive. 

By expressing data of native samples as number of alpha-Gal epitopes/10mg of wet tissue, pulmonary leaflets 
exhibited a significantly higher concentration of the epitope when compared to their aortic counterparts. After 
decellularization, the epitope was completely removed from both valves, the result remaining comparable to that 
revealed by immunofluorescence analysis. Notwithstanding Boughner’ s report concerning the higher microvessel 
density distribution in the basal region of leaflets, and hence possible local contribution by additional endothelial 
cells, the content of alpha-Gal epitopes was significantly lower in both basal and coaptive region of native aortic 
leaflets. In the pulmonary tissues, lower epitope content was restricted to the coaptive region. 

A new-brand ELISA test allows alpha-Gal quantization and reveals that such procedure completely removes 
cell components as well as alpha-Gal epitopes from porcine native valves, thus providing a starting material for 
human xenotransplantation, free from cytotoxic agents (used for antigenic masking) and suitable for cell 
repopulation and remodeling [9] in accord with tissue engineering guidelines. Moreover switching the alpha-Gal-
ELISA test in a kit, would result in a product of high interest and availability, easy to find and to use for 
compatibility investigations concerning tissue and organ xenotransplantation from pig as well as from other alpha-
Gal-epitope-bearing species.  
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Cancer metastasis is a complex and still poorly depicted process. Important contributors to this process are the 

influences emanating from the tissue microenvironment, such as cell-cell and cell-matrix interactions and other local 
pathophysiologic conditions as hypoxia. However the hypoxic effect may be different according to the cell 
conditions. For example, the low concentration of tissue oxygen (pO2 <7 mmHg) may exert anti-proliferative effects 
on normal cells and may induce differentiation or apoptosis and necrosis. On the other contrary, tumour cells likely 
react to hypoxic stress with an adaptive process through modification of gene expression that may confer an 
aggressive phenotype to cells, promoting their local and distant spread [1]. In general it is believed that hypoxic 
microenvironments in tumors contribute to cancer progression, which in turn may alter metabolism, growth, and 
therapeutic responsiveness. 

The aim of present research was to study in a broad proteomic context the effects exerted by hypoxic conditions 
on the 8701-BC breast cancer cells compared with HB2 immortalized normal mammary epithelial cells. These cell 
lines have been extensively characterized, also for their proteomic profiles [2, 3]. For this purpose, cells were grown 
at low oxygen content (pO2 2%) and examined in parallel with normoxic cells (pO2 20%). 

To determine global protein pattern changes during hypoxia, we used the Immobilin/2DIPG electrophoresis 
system and we gave them identity by several methods, as previously reported [3]. Using the silver stain method, we 
were able to resolve about 1000 proteins from both normoxic and hypoxic samples. 

Present results have shown that the hypoxic condition exerted different effects on the two cell lines. Normal 
mammary epithelial cells displayed a generalized down regulation of the protein pool detectable on the proteomic 
map, including the significant class of apoptosis inhibitor, with the exception of the glycolytic enzymes that showed 
increased expression level. 

Conversely, the protein complement detectable in the 8701-BC breast cancer cells was not altered significantly 
by the hypoxia, except for the class of cytoskeletal proteins that showed highly modulated expression patterns. 
These results suggest that while the non-tumoral cells are very responsive to the hypoxia, the neoplastic cells, 
isolated from an advanced malignant breast cancer, were already basically adapted to anaerobic metabolism, but still 
responsive for other cellular activities, like cell motility which may contribute in directing the neoplastic cells 
towards a still more aggressive phenotype.  
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Pseudoxanthoma elasticum (PXE) is a rare genetic disorder characterized by progressive mineralization of 
elastic fibers present in all tissues examined so far [1]. Although PXE pathogenesis is still elusive, never the less it is 
clear that fibroblasts are permanently modified and can directly contribute to altered extracellular and elastic fiber 
homeostasis. In particular, we have demonstrated that these cells exhibit i) a reduced vitamin-k dependent 
carboxylation of matrix gla protein (MGP) [2] and ii) an abnormal expression of calumenin (CALU) and protein 
disulfide isomerase (PDI). These two endoplasmic reticulum proteins are involved in vitamin K recycling and 
contribute to insufficient MGP carboxylation [3]. CALU is an inhibitor of gamma-carboxylase and is upregulated in 
PXE fibroblasts, whereas PDI is important for VKOR activity, assuring the appropriate redox environment, and is 
significantly reduced in PXE. The recent discovery that serum vitamim k levels are significantly reduced in PXE 
patients [4] is in agreement with the hypothesis that re-establishing normal levels of the vitamin may restore MGP 
activity [5]. The present study has been undertaken with the aim to investigate, in vitro, if vitamin K 
supplementation is capable of increasing MGP carboxylation in PXE fibroblasts. 

Human dermal fibroblast cultures were obtained after informed consent from 4 clinically healthy females (41 ± 
8 years), who did not exhibit any sign of genetic, metabolic or connective tissue disorder, and from 6 patients 
affected by PXE (44 ± 11 years) in accordance with the guidelines of the ethical committee of the Modena 
University Faculty of Medicine. PXE patients were diagnosed on the basis of skin and eye clinical alterations that 
were further confirmed by light and electron microscopy on the same skin samples used to obtain cell cultures and 
by identification of ABCC6 gene mutations. Fibroblasts were routinely cultured in DMEM supplemented with 10% 
FBS. Cells at confluence were treated for 48h with vitamin K1 (phylloquinone), K2 (menaquinone) and K3 
(menadione) (Sigma) at concentrations of 1, 10 and 100 nM in DMSO. Cells grown in the presence of DMSO alone 
were used as controls of treatments. The expression of CALU and PDI were investigated by Western blot, whereas 
expression of carboxylated-matrix gla protein (gla-MGP) and uncarboxylated-matrix gla protein (glu-MGP) were 
assessed by 2D-Western blot.  

Results indicate that vitamin K3, at doses that were not cytotoxic, did not exhibit any effect both on CALU and 
PDI expression. By contrast vitamin K1 and K2 were able of significantly reducing the expression of calumenin.  
Results were poorly significant in the case of PDI, since a moderate positive effect was observed only at the lowest 
dose of vitamin K1. Surprisingly, we have observed that, independently from the dose, vitamin K2 supplementation 
was uneffective on MGP expression, whereas vitamin K1 induced a noticeable increase of carboxylated MGP in 
control but not in PXE cells. 

In conclusion, data confirmed that normal fibroblasts respond to a direct treatment with vitamin K, and in 
particular with vitamin K1 (phylloquinone obtained from the diet). This vitamin appeared to be the most effective, 
especially in favoring an increase of carboxylated MGP in control cells. By contrast, changes in PXE fibroblasts, 
upon vitamin K1 and K2 supplementation were negligible, indicating that these cells are not capable of utilizing 
vitamin K. It could be suggested that a simple vitamin K supplementation is not sufficient to restore MGP activity in 
PXE cells, and that other strategies or at least combined treatments should be approached in order to delay or inhibit 
elastic fiber calcification. 
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Macrophages possess many specialized cellular functions such as phagocytosis, chemotaxis, antibody-
dependent cell cytotoxicity, antigen presentation, and specific expression of a repertoire of cytokines, chemokines, 
and cell surface markers. The U937 cell line established from a histiocytic lymphoma display many monocytic 
characteristics and has thus served as a model for the differentiation of monocytes and macrophages in vitro. The 
human pro-monocytic U937 cells growth in suspension and are characterized by a round shape with short microvilli, 
scarce cytoplasm and a relatively large nucleus. The U937 cells can be induced to differentiation by a number of 
substances, among which like 12-O-terhadecanoyl 13 phorbol acetate (TPA). After the action of the differentiation 
inducers, U937 cells adhere to a plastic or glass substrate coated or not with matrix components. The adherent 
differentiated U937 cells acquire the peculiar features of macrophage-like cells: irregular shape, a large number of 
pseudopodia on their surface and an intense phagocytic activity.  

Our objective was to identify proteins expressed during macrophages differentiation, by 2D-IPG and mass 
spectrometry-based proteomics. Our data shown that the U937-TPA driven differentiation was associated with the 
expression of CD206 and CD14, two macrophage-selective markers [1] and a net decrement of the c-Myc 

expression (Fig. 1). 
Moreover we showed that macrophagic 

differentiation of U937 cell line is associated with 
a significant proteomic modulation of a set of 
protein spots, corresponding to about 30% of the 
identified proteins, including both over- and down-
regulated proteins. Under- and over-expression of 
the identified proteins are balanced, but worthy of 
note is that for some classes the responses to 
differentiation are consistent. This is the case of the 
proteins belonging to the large group of metabolic 
processes, in which the majority of them remains 

unchanged while a minor group of them respond negatively. This provides evidence that the transition from a 
proliferation state to a differentiated one, is associated with a decrease of metabolic activities. Conversely, the 
proteins involved in cell signalling appear either unchanged or even positively modulated, testifying a plenty vitality 
of the differentiated cells. Proteins which were found incremented in the differentiated macrophagic phenotype 
include calcium- and phospholipid-binding proteins, as well as several proteins related to the phagocytic activity. 
Among these, two relevant protein families which positively respond to the differentiations are the annexins and the 
S100 proteins. Some members of S100 family act as partner of ANXs [2]. To our knowledge, this is the first report 
on the global expression of several S100 members in the monocytic/macrophage cell lineage, and more information 
is needed to fully understand their role in the macrophage function. We suggest that present data may contribute 
significantly to the knowledge of biological pathways involved in myelo-monocytic cell differentiation that may be 
of valuable utility for haematological diseases in which the leukocyte differentiation is impaired or compromised. 
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Fig. 1. A) Detection of mRNA for c-Myc and GAPDH and B) western 
blot analyses of the expression of CD206 and CD14 in U937 proliferating 
and TPA treated cells.  
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COMPREHENSIVE PROTEOMIC OVERVIEW OF EPS-URINE  
FOR THE IDENTIFICATION OF NOVEL PROSTATE CANCER BIOMARKERS 
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Prostate cancer (PCa) is the most prevalent cancer in the Western male population. The clinical course of this 

cancer shows a great variability due to its biological heterogeneity [1]. In most cases, prostate cancer is a relatively 
slow-growing cancer, which means that it typically takes a number of years for the disease to become large enough 
to be detectable, and even longer to spread beyond the prostate. However, in a small percentage of patients more 
rapidly growing and aggressive forms of prostate cancer occur. Currently available diagnostic techniques for PCa 
include assaying serum prostate-specific antigen (PSA), digital rectal examination (DRE) and transrectal 
ultrasonography (TRUS). PSA is the first-line marker for PCa diagnosis playing the major role in the management 
of PCa. PSA values are directly related to a higher PCa probability [2], but other non-malignant conditions of the 
prostate, such as benign prostate hyperplasia (BPH) can also increase serum PSA. BPH is the most common benign 
neoplasm among aging men. BPH is a disease characterized by prostatic enlargement, and the prevalence of 
histologically identifiable BPH is >50% for 60-year-old men and ~90% by age 85 years [3]. The development of 

BPH is multifactorial, but two of the primary conditions required are the effect of androgens and aging [4].  
Serum PSA concentration is useful for PCa screening, but it cannot differentiate accurately between early-stage PCa 
and BPH [5]. With the current suggested PSA threshold of 4ng/ml ~15.2% of PCas are missed [6], while conversely 
only 30% of patients with elevated serum PSA levels who undergo prostate biopsy are diagnosed with PCa. Thus, 
PSA test, DRE and TRUS, although widely employed by diagnosticians, are very limited in their ability to diagnose 
PCa and only pathohistology of prostate biopsies can definitively identify PCa in most cases. This results in many 
unnecessary biopsies per year [7], discomfort and costs. 

These data highlight the urgent need for new noninvasive biomarkers to clinically identify early stage PCa that 
may enable improvement both in the sensitivity and in the specificity of the methods actually used.  

Since proximal fluids are conceptual discovery sources for cancer biomarkers, we used expressed prostate 
secretions, a prostate proximal fluid collected following a digital rectal prostate massage in voided urine post-exam 
(termed: EPS-urine). Eleven EPS-urine samples (five low-grade PCa and six BPH) were analyzed by extensive 
MudPIT-based proteomics. A rigorous protein identification criterion was employed and more than 1000 unique 
proteins were identified. This extensive compendium was compared to other available datasets. To obtain a 
systematic overview of the functional categories of proteins expressed in EPS-urine, we performed GO enrichment 
analyses and determined that proteins involved in immune response and catabolic processes, proteins with binding 
properties and proteins with vesicle, extracellular and membrane localization were significantly over-represented in 
the EPS-urine proteome in comparison to the UniProt database. We also found that among the identified proteins 
more than 50% contained a predicted signal peptide and about 43% at least one predicted transmembrane domain. 
Finally, we compared the proteome expression profile of EPS-urine samples from PCa and BPH patients by spectral 
counting. We selected a group of 59 proteins with significant differences (p<0.05) between PCa and BPH samples. 
Moreover, to verify the specificity of these putative biomarkers, we compared the EPS-urine proteome to five PCa 
urine, five kidney cancer urine and five bladder cancer urines. The validation of these data by ELISA and Western 
Blot assays allow us to propose a panel of novel biomarkers for PCa. Since EPSurine is a prostatic biofluid easily 
collectible during the screening procedures preceding any aggressive treatment of PCa, such as prostatectomy, we 
believe that these data may have a high impact on clinical practice.  
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ASSESMENT OF TAURODEOXYCHOLATE TREATED PORCINE AORTIC ROOTS AND 
BOVINE PERICARDIUM FOR THE CREATION OF VIABLE PROSTHESES FOR FUTURE 
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The aim of this study is to analyse the structural and biochemical modifications of freshly isolated porcine 

aortic roots (ARs) after a detergent-based decellularization procedures. Such treatment, named TRITDOC, was also 
applied to a bovine pericardial tissue on which the ability of two different cell populations, human umbilical 
vascular endothelial cells (HUVECs) and pericardial bovine fibroblasts (pericardiocytes), were tested for adhesion, 
proliferation and migration into the tissue. 

To date, cardiac surgeons may use different devices, to replace deseased valve, depending on the patients’  
pathology: mechanical, biological or homologous valves. Each of them, however, withstand important drawbacks 
and undesired collateral effects leading to failure in the middle-long term (8-15 years). One of the main reason for 
failure is represented by the treatment of the commercially available biological prostheses (prepared with pig aortic 
valves or bovine pericardium) with glutaraldehyde. While it produces an immunologically inert scaffold, it also 
creates an unfavorable material for recolonization by patient’ s cells, due to its cytotoxical effect. Moreover the 
glutaraldehyde seems to be a key element in early calcification processes, with subsequent degeneration and failure 
of the graft. In order to overcome this problem a tissue engineered heart valve should be biochemically conditioned 
in order to increase scaffold’ s biomimetism. This approach facilitates the cell-matrix interaction or the recruitment 
of patient’ s cells after implantation of such materials. Synthetic peptides, derived from specific fragments of natural 
proteins, applied to acellular biological scaffolds could achieve such a result. 

ARs were dissected from freshly isolated porcine hearts and dipped from hypotonic to hypertonic solutions. 
ARs were then treated with the detergents Triton X100 and taurodeoxycholate (TRITDOC method). Finally all cell 
debris and nucleic acids were removed from the samples using the aspecific endonuclease Benzonase™.  

Decellularization quality and maintenance of valve ultrastructure were assessed by classical histology, 
immunohistochemistry and scanning electron microscopy (SEM). TRITDOC procedure was also used to obtain 
decellularized bovine pericardia.  

On this kind of scaffold HUVEC and pericardiocyte cell populations have been seeded after their 
characterization by immunoistochemistry.  

In order to choose the optimal cultivation conditions, preliminary seeding were performed both at different 
cellular densities and at different time, using alternative media composition.  

Cells behaviour was assessed by histological, immunohistochemical and SEM analysis. We have tested cells 
seeding for 30’ , 1h, 2h, 3h, 5h, 8h, 18h, 24h and 7days. TRITDOC procedure resulted in a complete 
decellularisation demonstrated in leaflets, sinuses of Valsalva, aortic wall and in the bovine pericardium.  

Leaflets ultrastructure preservation was investigated by histology, immunohistochemistry and SEM; the 
collagen fibres of the fibrosa layer displayed a more fenestrated network, compared to native samples, while GAGs, 
elastin and the basal lamina were all well preserved. Pericardial tissue matrix organization is maintained as well. 
The best seeding condition, was assessed to be at 7 days. This period of time, in our study, was sufficient for an 
initial infiltration of fibroblasts into the extracellular matrix of the decellularized pericardium and for the formation 
of a HUVEC cobblestone monolayer on the tissue surface. Cells distribution and protein expression pattern were 
analyzed by histology, immunohistochemistry and immunofluorescence. 

Our experimental results shed light on the possibility to create a native-like biological scaffold for use in 
clinical valvular replacement. In fact, fibroblast migration into scaffold is a promising condition for start to produce 
extracellular matrix components and remodel tissue, such as HUVEC cobblestone monolayer is essential feature to 
create a functional endothelium. Coculture of both cell types is our experimental perspective to reach our purpose. 
Furthermore it is now being evaluated the feasibility of increasing cells attachment, proliferation and migration into 
the TRITDOC tissue with the use of synthetic peptides with repeated RGD region, covalently bound to the matrix. 

The RGD sequence is also the most effective cell recognition motif used to stimulate cell adhesion on artificial 
surfaces [1].  
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POSSIBLE CORRELATIONS WITH CLINICAL MANIFESTATIONS 
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Pseudoxanthoma elasticum (PXE) or Gronbland-Strandberg syndrome is a systemic genetic disorder 
characterised by mineralization of soft connective tissues in many organs, including skin, eyes and blood vessels [1]. 
The incidence of PXE in the population has been recently approximated to 1:20.000-25.000, although probably 
underestimated, because of diagnostic difficulties and the high clinical heterogeneity even among members of the 
same family with identical mutations. Although ABCC6 mutations have been directly implicated in the pathogenesis 
of the disease, never the less it is becoming clear that other genes/factors may contribute to the clinical variability 
and severity of PXE. Within this context, polymorphisms in genes involved in redox balance (SOD2, CAT and 
GPRX1), in proteoglycan synthesis (XT-1 and XT-2), in angiogenesis (VEGF) and in mineral deposition (SPP1) 
have been associated with variations in diseases onset and in predisposing to ocular complications [2-4]. Moreover, 
a report by Wang and coworkers suggested that the ABCC6 polymorphism R1268Q may be related to high lipid 
values, possibly favouring cardiovascular complications [5]. Given the importance to find out prognostic criteria, 
allowing a better clinical surveillance of PXE patients, we have investigated for the presence of ABCC6 
polymorphisms focusing on 6 families with brothers or sisters with identical ABCC6 mutations but different clinical 
manifestations. 

Genomic DNA obtained from blood venipuncture underwent amplification and direct sequencing of the whole 
ABCC6 gene in order to search not only for mutations but also for polymorphisms. Samples from 50 normal 
subjects were used as controls. Patients’  clinical manifestations were carefully scored in accordance with 
internationally defined criteria.  

All patients presented from 5 to 16 different ABCC6 polymorphisms, that were generally spread through exons 
and introns along the entire gene, being exons 10, 14 and 15 those most frequently involved. In the majority of 
cases, polymorphisms were identical within each family, without any correlation with the clinical phenotype. The 
already described ABCC6 polymorphism R1268Q was detected in 4 families out of 6 (66%), but without any 
correlation with cardiovascular complications and/or lipid values. High levels of cholesterol and triglycerides were 
present in many patients, not only those bearing the R1268Q polymorphism, and were more related to the age of 
patients. From the analysis of patients belonging to the 6 selected families, only two polymorphisms were always 
present: 1841T>C (V614A) and 1890C>G (T630T). When the screening was extend to 92 Italian PXE patients, the 
allelic frequency of these two polymorphisms was 77% and 42%, respectively. Furthermore, polymorphism R1268Q 
was detected only in 32% of the 92 PXE Italian families examined. Numerous polymorphisms, in particular 
polymorphisms 1841T>C (V614A) and 1890 C>G (T630T), were observed in many PXE patients, but were actually 
detected at an even higher frequency in normal individuals (V614A, 77% vs 55% and T630T, 42% vs 44%). 

Data of the present study suggest that the great heterogeneity of clinical manifestations that can be observed in 
patients with identical mutations, even within the same family, cannot be predicted on the basis of specific ABCC6 
polymorphisms. Never the less, it might be interesting, in the future, to look for the combined/additive role of 
polymorphisms, as R1268Q and different ApoE haplotype, at least on the severity of cardiovascular manifestations 
[6]. 
 
Work supported by grants from PXE International. 
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COLLAGEN FIBRILS WITH HELICAL SUBFIBRILS CONTAIN A DISTINCT NON-
COLLAGENOUS AXIAL DOMAIN 
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In most tissues the collagen fibrils appear made of thin subunits tightly packed in a right-handed helix with an 

angle of approx. 17 degrees with respect to the fibril axis. The architecture of these fibrils was the subject of diverse 
speculations until electron-tomography was eventually able to resolve the inner structure of the corneal collagen 
fibrils [1]. This technique showed that the collagen fibrils of cornea are made of concentric layers of Smith-type 
microfibrils, each following an helical course with an identical angle to the fibril axis as had been theorized a few 
years earlier [2]. The same structure is present in many other tissues [3] and was subsequently confirmed by 
diffraction studies [4]. 

In such a constant-angle architecture the pitch of the helix that each microfibril describes around the fibril axis 
is variable and is equal to 2πr • tan(θ). All other factors being constant, the pitch depends therefore from the 
distance r from the axis. This implies that near the fibril axis, as where r tends to zero the microfibrils should warp 
to unrealistic values, so the axial portion of the fibril is likely to have a different structure.  

The question is still unsettled, but this fibril architecture lends itself  quite naturally to an epitaxial layout where 
collagen microfibrils envelop a central core of a different nature. Collagen fibrils with an electro-lucent central core 
are a not uncommon finding in invertebrates and lower vertebrates. In the present research we looked for a similar 
structure in collagen fibrils from nerve sheath (which have the same structure of corneal fibrils, but are larger) by 
transmission electron microscopy following the Seligman reaction, which is designed to evidence the 
polysaccharides. 

Since the specimens received no conventional counterstaining, the TEM micrographs were of rather poor 
quality (see below; horizontal field of view 1.2 µm). The fibrils, however, were immediately recognizable and, in 
cross-section, consistently showed a distinctive axial spot. The size of the axial spot may not correspond to the 
actual size of the axial structure it represents, but its consistency and position are unmistakable. The axial domain 
was never observed in tendon fibrils, visualized as a control. 

Our data show that an axial non-collagenous domain is present at the core of the “ helical”  fibrils in vertebrate 
tissues. This axial domain is distinctive of such fibrils and could be instrumental in their initial formation. This may 
explain why in vitro highly purified collagen invariably forms tendon-like collagen fibrils with parallel, straight 
subfibrils. Further research is underway. 
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Welcome Cocktail  
The Welcome Cocktail will be held on Wednesday, October 27 at the Grand Hotel Villa Igiea. 
 

Access to the Cocktail area will be limited to registered delegates showing their invitation card. 

 
Organ Recital  
The Organ Recital will be held on Thursday, October 28 at the Basilica di San Francesco di 
Assisi at 19:00. 
 
Social Dinner  
The Social Dinner for the Member of Society will be held on Thursday, October 28 in the Old 
Palermo at the Focacceria San Francesco at 20:30. 
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Palazzo Steri 
The Steri Palace is one of the symbols of Palermo; it 

represents seven centuries of Sicilian art and history. The 
word “ Steri”  derives from the French word “ oster” , which 
means noble dwelling. It was erected in 1307 by the 
powerful Sicilian baronial family from whom it takes its 
name. The Chiaramonte family took part in the wars waged 
by the Sicilian nobility against the Angevin French. These 
wars were the continuation of the famous popular uprising 
against the French known as "Sicilian Vespers" that broke 
out in Palermo in 1282. This extended conflict was finally 
resolved by the Peace of Caltabellotta in 1302, whereby the 
barons renewed their loyalty to the King of Aragon. But the 
Aragonese kings lived in Spain, and the Chiaramonte and 
other families gradually began to usurp the prerogatives of 
their absentee monarchs. In 1397, Andrea Chiaramonte was 
beheaded on the orders of King Martin of Aragon. In a 

cruel and ironic gesture, the King had the rebellious baron beheaded right in front of his own 
palace here in Piazza Marina. The Chiaramonte built a number of fine castles in Sicily, including 
the one at Mussomeli. These castles, along with all the Chiaramonte's other assets, were 
confiscated by the Crown. The Steri then became the residence of the Viceroy.  

In 1601, Palazzo Chiaramonte became the Sicilian headquarters of the Inquisition, sometimes 
known as the "Spanish Inquisition." Here prisoners were interrogated, tortured, and sometimes 
burned at the stake for heresies both real and imagined. The executions were often held in what 
is now the park (Garibaldi Garden) in Piazza Marina.  

Only in 1970 it was recovered and restaured thanks to the intervention of two famous Italian 
architects, Mr Carlo Scarpa and Roberto Calandra. The mansion still reflects the various steps of 
the Sicilian history: the splendid painted wooden ceiling in the “ Sala Magna” on the second floor, 
the loggias, the graffitis left by the prisoners, now restaured and in display in the “ Sala delle 
armi” , the “ Capriate”  Room and the beautiful Painting of “ Vucciria”  by the Sicilian painter 
Renato Guttuso.  

The Steri currently houses some administrative offices of the University of Palermo and an 
exhibit area. 
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Hotel Villa Igiea Hilton 

 
Situated at the foot of Mount Pellegrino, Villa Igiea 

Hilton Palermo, with its blossoming garden, overlooks 
the bay of the Sicilian capital. Commissioned by the 
renowned Florio family at the end of the 1800s, at the 
height of the Belle Époque period, this building, with its 
characteristic form of a castle, takes its name from Igiea, 
the Greek nymph of health. Created as an exclusive 
health resort in a location renowned for its health 
benefits, it was soon transformed into an elegant hotel, 
preferred by cosmopolitan high society due to its 

sumptuos environment and refined hospitality together with the mild Sicilian climate. The 
Liberty style rooms, with decorations, terraces and balustrades overlooking the sea and the 
garden with century old trees, have hosted the most important European royal and bourgeois 
families. 
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Basilica di San Francesco di Assisi 

 
To the north of the Piazza della Rivoluzione in Palermo, on 

the Piazza San Francesco d'Assisi, stands the church of the same 
name. It is a triple-aisled hall church with Gothic arcades and an 
open roof-truss; the original form of the latter, lost in the course 
of changes made over the years, was restored when the church 
was repaired following damage in the Second World War. In the 
nave stand eight allegorical figures by G. Serpotta (1732), and in 
the presbyterium the 1524 carved choir-stalls will please the eye. 
The Mastrantonio Chapel, off the left side-aisle, is decorated 
with reliefs by Francesco Laurana (1468).  

The Basilica of San Francesco d'Assisi (St. Francis of Assisi) 
is a splendid medieval church erected in the typically Italian 
Romanesque Gothic style. Construction was begun in 1255 by 
the Franciscan Order, which still has a monastery here.  

The portal is noted for its richly decorated triple false arches, 
while the exquisite rose window above the main entrance is the 
epitomizes medieval Latin church architecture. The facade, built 
in the early 1300s by the Ventimiglia, Abbatelli and 
Chiaramonte families, is not unlike that of the Church of Sant' 
Agostino, but inside St. Francis retains a much more medieval 
flavor. A side chapel is dedicated to the Sicilian branch of the 
Grimaldi family, better known in Genoa and Monaco. 

 

 

 

 

 

 

 

 

 

 
Navata centrale Cappella dell’ Immacolata La modestia di Serpotta 
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Organ recital by Diego Cannizzaro 

 
Diego Cannizzaro graduate "cum laude" in the 

year 1992 the degree in Italian's Literature in the 
University of Palermo (Italy), he also graduate the 
degree of Piano in the Conservatorium  "Vincenzo 
Bellini" of Palermo and the degree of Organ and 
Organistic Composition in the Conservatorium 
"Francesco Morlacchi" of Perugia (Italy); 
successively study organ and harpsicord in 
Academy of Pistoia, North Germany Organ 
Academy (Bremen) and the University of Santiago 
de Compostela (Spain). Finally, he graduate the 
doctorat in “ History and analysis of the musical 

cultures”  in the University “ La Sapienza” , Rome with a dissertation about “ The music for organ 
and harpsichord in the kingdoms of Naples and Sicily in the XVI and XVII centuries” .   

He's chapel master and titular organist of Cefalù’ s Cathedral, honorary inspector of istoricals 
organs in Sicily, organ teacher in the conservatory of Caltanissetta, organological consulting of 
the university in Palermo, and artistic director of many concert-series (Palermo, Cefalù, Tindari). 
He’ s invited teacher in the course of early italian organ music at the conservatory of St. 
Petersburg (Russian), teaches to the courses on the early music organized by" Orchestra Barocca 
Siciliana" and has held the master-class for the Academies of Enghien and Ath (Belgium). 

Diego Cannizzaro partecipated to importants organ’ s internationals festivals in all Europe 
and U.S.A. He recorded many compact-disc, a monography about the organ works of Filippo 
Capocci (XIX century) and two CD about Giovanni Salvatore (XVII century) and Pietro Vinci 
(XVI) in first mondial recording. 
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