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Lectures
Regenerating the cardiac pacemaker tissue with embryonic stem cells
Barbuti A. (1) , Scavone A .(1), Zoia S. (1), Baruscotti M. (1), Di Francesco D. (1)
(1) Dept.of Biomolecular Sciences and Biotechnology, The PaceLab, Univ. of Milan, Italy.
e-mail speaker: andrea.barbuti@unimi.it

Several cardiac diseases may lead to life-threatening rhythm disturbances which often require
implantation of an electronic pacemaker. Isolated sinoatrial node (SAN) dysfunction is one of
the main causes for the escalation in electronic pacemaker implantation. With the progress in
cell-therapy research, the regeneration of the cardiac pacemaker has become feasible. To
date, the only type of stem cells shown to differentiate into spontaneously beating
cardiomyocytes similar to native SAN cells are the pluripotent stem cells. Clinical application of
pluripotent stem cells is however hampered by their intrinsic tumorigenic potential. There is
evidence though that in vitro commitment/differentiation of Embryonic Stem Cells (ESCs)
would eliminate the risk of teratoma formation following injection. The isolation of a pure
population of stem cell-derived cardiomyocytes is held back by the lack of specific markers
that can be used for cell sorting. There are however data showing that CD166 is specifically but
transiently expressed in the developing heart and conduction system, and in human ESCderived cardiomyocytes.
Here we tested the possibility to use CD166 to specifically isolate pacemaker myocytes. We
induced the differentiation of mouse ESCs through a standard protocol involving the formation
of Embryoid Bodies (EBs). EBs were dissociated, labeled with an anti-CD166 antibody and
CD166+ cells were sorted at various days of differentiation. Quantitative PCR,
immunofluorescence and electrophysiological analyses were carried out to verify the cardiac,
and more specifically, the pacemaker features of CD166+ cells. We found that between
differentiation day 6 and 8 CD166 specifically recognizes cardiomyocytes while at day 10 this
specificity decreases significantly. All CD166+ cells isolated at day 8 form spontaneously
beating aggregates while CD166-negative cells do not show any automaticity. Furthermore
spontaneous rate of CD166+ cells steadily increases with time (from 1.5 ± 0.1 Hz at day 2 to 6.1
± 0.8 Hz at day 22 after sorting), reaching values comparable to those reported for neonatal
mice. Action potentials can be modulated by autonomic agonists; the β-adrenergic agonist
isoproterenol (1µM) and the muscarinic receptors agonist acetylcholine (0.1µM) induce an
increase and a decrease in rate of 56.9± 8.0% and -22.9 ± 5.4 %, respectively. Furthermore the
pacemaker current If expressed by CD166+ cardiomyocytes presents features similar to those
recorded in native sinoatrial cells. CD166+ can be kept in culture for almost 1 month during
which they keep contracting synchronously. In conclusion our data show that CD166 can be
used to selectively isolate, from differentiating ESCs, a population of cardiomyocytes which
possess and maintain the functional properties typical of native SAN cells.
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Therapeutic potential of adipose-derived stem cells in experimental models of
neurological diseases
Bonetti B. (1)
(1)Department of Neuroscience, University of Verona, Italy;e-mail
bruno.bonetti@univr.it

speaker:

Mesenchymal stem cells (MSC) represent a promising therapeutic approach in a number of
neurological conditions because they couple relevant immune suppressive effects with multidifferentiation potential. In addition to bone marrow (BM), MSC are present in virtually all
tissues. We focused our attention to adipose-derived MSC (ASC) because fat tissue represents
an ideal source of adult stem cells, which can be easily and repeatedly isolated and expanded
in culture. In the last years we have assessed the effect of ASC in several experimental models
of neurological diseases with different pathogenesis. We first evaluated the clinical and
pathological modulation exerted by ASC in experimental autoimmune encephalomyelitis (EAE),
the animal model of multiple sclerosis. The immune modulation in lymphoid organs was
mainly responsible for the preventive effect of ASC, as already shown for BM-MSC. We have
also shown that the intravenous administration of ASC after the disease onset was also
effective in reducing disease severity; in this case, however, ASC exerted their beneficial effect
within the central nervous system (CNS). ASC were able to enter in inflamed CNS via alpha 4
integrins, where they induced the proliferation and differentiation of endogenous
oligodendroglial progenitor cells through the production of neural growth factors. We next
investigated the effect of ASC in the experimental model of familial amyotrophic lateral
sclerosis (ALS), a neurodegenerative disorder which affects upper and lower motoneurons.
ASC injected at disease onset in transgenic mice over-expressing human mutant SOD1 gene
were able to enter the CNS, where they supported the survival of motorneurons and
modulated the surrounding glial response. These effects induced an amelioration of disease
course for at least 6 weeks, as demonstrated by clinical and neurophysiological tests. As seen
in EAE, ASC exerted their beneficial effects in experimental ALS through the production of
neural growth factors. In conclusion, A-MSC may represent a valuable tool for stem cell-based
therapy in chronic inflammatory and degenerative diseases of the CNS.
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Role of Hypoxia in brain tumor stem cells metabolism
Cimini A. (1), Cristiano L. (1), Benedetti E. (1), Gentile R. (1) , Fidoamore A. (1), Cinque B. (2),
Cifone M.G. (2), Cerù M.P. (1), Galzio R. (2)
(1)Dept of Basic and Applied Biology, University of L’Aquila, Italy; (2) Dept of Health Sciences,
University of L’Aquila, Italy; e-mail speaker: annamaria.cimini@univaq.it

Glioblastoma Multiforme (GBM) is an incurable malignancy. GBM patients have a short life
expectancy despite aggressive therapeutic approaches based on surgical resection followed by
adjuvant radiotherapy and concomitant chemotherapy. Glioblastoma growth is characterized
by a high motility of tumour cells, their resistance to both chemo/radio-therapy, apoptosis
inhibition leading to failure of conventional therapy. Recent work suggests that glioblastomas
develop as cellular and functional hierarchies through small subpopulations of stem cell-like
cancer cells that are responsible for tumour initiation and maintenance. Such cells also appear
to possess enhanced DNA repair capacity compared to other cells within the tumours.
Although the eradication of tumour stem cells is thought to be a prerequisite for a successful
anti-tumour strategy, we still have a very limited understanding of the molecular profiles and
the regulatory mechanisms that control tumour stem cell maintenance. Evidence from a
number of experimental systems has established a role for reduced oxygen availability
(hypoxia) in stem cell maintenance. Hypoxia is a characteristic feature of malignant tumours,
which frequently outpace their blood supply, and it is associated with poor patient prognosis.
Work over the past decade has shown that the hypoxic microenvironment drives tumour
progression by triggering a set of adaptive transcriptional responses that regulate tumour
angiogenesis, tumour cell metabolism, motility and survival, and ultimately promote a more
aggressive tumour phenotype. Recent reports have identified new molecular programs by
which HIF may regulate cellular differentiation and self renewal, identifying critical stem cell
regulators such as Oct4, c-myc or Notch as direct or indirect HIF targets. Thus, the role of
hypoxia and HIF may extend beyond their well established functions in tumour biology to the
control of the tumour stem cell phenotype. We have previously demonstrated lipid
metabolism impairment in human glioma specimens and in human glioma primary cultures.
This event was further increased by hypoxia conditions leading to increased expression of
stemness markers, lipid metabolism enzymes and accumulation of lipid droplets. In this work
we evaluated the lipid metabolic pathway in human glioblastoma stem cells, under normoxic
and hypoxic conditions, by assaying peroxisomal number, peroxisomal ß-oxidation enzymes,
mevalonate pathway enzymes, the transcription factors responsible for lipid metabolism gene
transcription, the expression stemness markers and lipid droplets accumulation. The results
obtained point towards the involvement of hypoxia in lipid metabolism impairment also in
GBM stem cells, thus suggesting the use of specific agonist/antagonist of the lipid pathway for
counteract recurrencies.
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Pre-clinical testing of stem cells for cystic fibrosis
Conese M . (1)
(1)Department of Biomedical Sciences, University of Foggia, Foggia 71122, Italy. Tel.: 0881
588019; Fax: 0881 588037; e-mail: m.conese@unifg.it

Cystic Fibrosis (CF) is an autosomal recessive disorder due to the mutations in the CF
Transmembrane Conductance Regultor (CFTR) gene, whose morbidity and mortality are chiefly
due to chronic lung disease. Since the cloning of the gene in 1989, CF has been considered the
ideal target for gene therapy interventions, also because the lung is easily accessible. However,
gene therapy is far to be a therapeutic option, mainly for two reasons: immunological
reactions against gene transfer vectors and the sticky mucus barrier overlying the airway
epithelium, considered the target of CF gene therapy. Stem cell-based treatment may
represent a hope for the treatment of CF. Pathophysiology of lung disease is characterized by
bacterial infections, injury, inflammation, and eventually remodeling of the airways, creating
favoring conditions for engraftment of stem cells into appropriate niches and correct the CF
defect. Although initial excitement about the inherent “plasticity” properties of bone marrowderived hematopoietic stem/progenitor cells (HSPCs), the efficiency of their conversion to
epithelial cells of the lung is too limited to give a therapeutic effect, as it has been shown in CF
mouse models. We demonstrated that even in a mouse model mimicking the early phases of
the pathogenesis of CF lung disease (i.e. acute infection with the opportunistic bacterium
Pseudomonas aeruginosa), the efficiency of engraftment into the lung of lin- HSPCs was very
low (1% of the total airway epithelium) [1], indicating that bone marrow subpopulations with
higher conversion activity to epithelial cells should be found and characterized. Recently, we
have shown that bone marrow harbors two subsets of positively immunoselected HSPCs,
according to their size [2]. The smaller the cells the higher the Sca-1 expression and the lower
the mitochondrial content. Both subpopulations expressed an ATP-dependent CFTR functional
protein in different amount, although at low levels (15% and 11% in bigger and smaller cells,
respectively). It will undoubtedly be interesting to see which of the two subpopulations is the
more efficient in the P. aeruginosa infection model. Other sources of stem cells with higher
“plasticity” are being explored, namely mesenchymal stem cells from the bone marrow and
cord blood, embryonic stem cells, and placenta-derived stem cells, all shown to give rise to
airway epithelial cells in vitro and in vivo. Some preliminary in vitro data on the usefulness of
human amniotic epithelial stem cells in the context of CF epithelium will be presented.
[1] Rejman et al. Engraftment of bone marrow-derived stem cells to the lung in a model of
acute respiratory infection by Pseudomonas aeruginosa. Molecular Therapy, 17: 1257-1265,
2009.
[2] Piro et al. Hematopoietic stem/progenitor cells express functional mitochondrial energy
dependent cystic fibrosis transmembrane conductance regulator. Stem Cells and Development
2011 May 11. [Epub ahead of print].
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Stem cells derived from amniotic fluid can be useful for therapy
De Coppi P. (1)
(1) Surgery Unit, UCL Institute of Child Health and Great Ormond Street Hospital London, UK
e-mail speaker: p.decoppi@ich.ucl.ac.uk

We have recently described that pluripotent stem cells can be isolated from amniotic fluid
defined as amniotic fluid stem (AFS) cells by selection for the expression of the membrane
stem cell factor receptor c-Kit, a common marker for multipotential stem cells (De Coppi P. et
al. Nat Biotechnol. 2007 Jan;25(1):100-6). They have clonogenic capability and can be directed
into a wide range of cell types representing the three primary embryonic lineages. AFS cells
maintained for over 250 population doublings retained long telomeres and a normal
karyotype. Clonal human lines verified by retroviral marking were induced to differentiate into
cell types representing each embryonic germ layer, including cells of adipogenic, osteogenic,
myogenic, endothelial, neuronal and hepatic lineages. Moreover, rat amniotic fluid cells have
been able to improve the repair of the damaged smooth muscle in a cryoinjury bladder (De
Coppi P.. et al . J Urol. 2007). Furthermore, AFS cells could be differentiate towards
cardiomyogenic lineages, when co-cultured with neonatal cardiomyocytes (Bollini S.et al. Stem
Cells Dev. 2011) and ckit+ cells from amniotic fluid have the potential to generate
hematopoietic lineages both in vitro and in vivo (Ditadi A., De Coppi P, et al Blood, 2009 in
press).
Finally AFS cells can also be useful in a model of necrotizing enterocolitis and can functionally
engraft in a regenerating skeletal muscle. Recent results showed that AFS cells do normally
express OCT4, Klf4, cmyc but are normally non expressing SOX2 that represent with the 3
previous transcription factors the key element for iPS induction. We believe that AFS cells
could have an advantage to adult cells to generate iPS and could represent an ideal tool both
for disease model and therapeutic application.
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The role of biomaterials in the direction of cardiac stem cells properties, differentiation and
extracellular matrix interactions in cardiac tissue engineering
Di Felice V. (1), Serradifalco C. (1), Rizzuto L. (1), De Luca A. (1), Gammazza A. M. (1), Di Marco P.
(2), Cassata G. (2), Puleio R. (2), Verin L. (3), Motta A. (3), Guercio A. (2), Zummo G. (1)
(1) Dipartimento BIONEC, Università degli studi di Palermo, Italia. (2) Istituto Zooprofilattico
Sperimentale della Sicilia, Palermo, Italia. (3) BIOtech Laboratories, Università degli studi di
Trento, Italia. E-mail speker: vdfelice@inwind.it
Introduction: One of the main problems in the rapid translation of preclinical cell-based
therapy to restore damaged myocardium is to find the best delivery route and the best time of
cell injection into the myocardium. Intramyocardial injection of stem cells is by far the mostused delivery technique in preclinical studies. Three-dimensional scaffolds may be used to
deliver a limited number of stem cells in their undifferentiated state, but many biomaterials
may cause a foreign body reaction on their own. We have recently demonstrated that c-Kit
positive cardiac progenitor cells are able to organize themselves into a tissue-like cell mass in
collagen I three-dimensional cultures within 72h in 5% horse serum and that inside an Open
Pore Poly-lactic acid scaffold, commercially available, these cells can create an organized
elementary myocardium. Hypothesis: We assessed the hypothesis that poly-lactic and fibroin
scaffolds, designed to deliver cardiac progenitor cells in the infarcted region of the heart, may
induce a better differentiation into cardiomyocytes. Methods: For the synthesis of PDLLA
scaffolds, the Poly (D,L lactic acid) (RESOMER® 207, MW = 252 kDa) polimer were used (6.7%)
in Dicloromethane/Dimetilformamide (DCM/DMF) 70/30 (v/v). The three-dimensional
structure was obtained by salt-leaching, using NaCl crystals as porosity agent (NaCl < 224 μm
and <150 μm). For the synthesis of fibroin scaffolds, degummed silk fibres were dried and
dissolved into 9.3 m LiBr water solution (20% w/v) at 65°C for 3h. Scaffolds with different
porosities, pore size, and properties were made by freeze-drying and salt-leaching. Silk fibroin
nets were created from silk powder after freeze-drying. A net was made by electrospinning a
solution containing 10% wt of fibroin solution in formic acid. To test the foreign body reaction
scaffolds alone or embedded with collagen I and cardiac progenitor cells were implanted in the
subcutaneous dorsal region of athymic Nude-Foxn1nu mice for 45 days. Results: Cardiac
progenitor cells were obtained by collagenase type II digestion of beating adult rat hearts, and
tested after each preparation for the expression of c-Kit, MDR-1 and Sca-1 by flow cytometry.
These cells were able to partially differentiate into cardiomyocytes in vitro into all the
synthesized scaffolds in a M-199 medium supplemented with 20% FBS within 21 days. The
degree of differentiation and the expression of extracellular matrix and integrin proteins
depended on the type of scaffold used. In vivo, all the used scaffolds induced a foreign body
reaction, apart from fibroin nets. Cells implanted within scaffolds were rapidly degraded by the
foreign body reaction. Cardiac stem cells alone implanted in nude mice were also degraded by
a cell-mediated immune response. Conclusions: Scaffolds are useful devices to deliver cardiac
stem cells in the site of implantation, but more research is needed to find non-reactive
biomaterials.
1: Di Felice V, De Luca A, Serradifalco C, Di Marco P, Verin L, Motta A, Guercio A, Zummo G. Adult stem
cells, scaffolds for in vivo and in vitro myocardial tissue engineering. Ital J Anat Embryol. 2010;115(12):65-9.
2: Di Felice V, Ardizzone NM, De Luca A, Marcianò V, Gammazza AM, Macaluso F, Manente L, Cappello F,
De Luca A, Zummo G. OPLA scaffold, collagen I, and horse serum induce an higher degree of myogenic
differentiation of adult rat cardiac stem cells. J Cell Physiol. 2009 Dec;221(3):729-39.

10

Mesenchymal Stem Cells As Cytopharmacological Vehicles For Cancer Therapy
Dominici M. (1), Grisendi G. (1), Bussolari R. (1), Cafarelli L. (1), Veronesi E. (1), Piccinno S. (2),
De Santis G. (3), Loschi P. (3), Paolucci P. (2), Conte P. F. (1).
(1)Division of Oncology, (2)Pediatric Oncology & Hematology Unit, (3) Division of Plastic and
Reconstructive Surgery, University-Hospital of Modena and Reggio Emilia, Modena, Italy;e-mail
Speaker: Massimo.dominici@unimore.it

Mesenchymal stromal/stem cells (MSC) are promising tools within tissue engineering
approaches. Next to their intrinsic regenerative potentials, MSC can secrete molecules capable
to stimulate or inhibit other cell types. These still poorly understood features have been tested
in oncology/hematology and in transplantation settings.
MSC role has been also widened in oncology by the possibility to genetically modify them
within cancer gene therapy approaches. In these scenarios MSC, predominantly form marrow,
can deliver cytotoxic molecules to tumors and being considered as cytopharmacological
agents. Based on this background, we sought for the first time to use adipose derived (AD-)
MSC as vehicle for cancer gene therapy.
After informed consent, human AD-MSC were isolated and transduced by vector encoding fulllength human TRAIL, a pro-apoptotic ligand that induces apoptosis in a variety of human
cancers sparing normal tissues. In vitro and in vivo studies were then performed.
AD-MSC armed with TRAIL targeted a variety of tumor cell lines in vitro, including human
cervical carcinoma, pancreatic cancer, colon cancer and, in combination with Bortezomib,
TRAIL-resistant breast cancer cells. Additionally, AD-MSC successfully targeted primary tumor
cells isolated form a lung cancer patient. When injected intravenously or subcutaneously into
mice, AD-MSC armed with TRAIL localised into tumors and mediated apoptosis without
significant apparent toxicities to normal tissues.
These pre-clinical data indicate that AD-MSC modified to produce anti-tumoral molecules
represent a novel therapeutic tool to treat cancer.

This work was made possible by grants from Ministero Università (PRIN 2006, PRIN 2008)
Ministero Salute-Giovani Ricercatori, ASEOP, Fondazione CRM Modena.
Further Readings
Grisendi G, Bussolari R, Cafarelli L, Petak I, Rasini V, Veronesi E, De Santis G, Carlotta Spano C,
Tagliazzucchi M, Barti-Juhasz H, Scarabelli L, Bambi F, Frassoldati A, Rossi G, Casali C, Uliano Morandi U,
Horwitz EM, Paolucci P, Conte PF & Dominici M. Adipose-Derived Mesenchymal Stem Cells as Stable
Source of TRAIL Delivery for Cancer Therapy. Cancer Research 2010; 70:3718-29. Epub 2010 Apr 13.
Ciavarella S, Dominici M, Dammacco F, Silvestris F. Mesenchymal stem cells: a new promise in anticancer therapy. Stem Cells Dev. 2010 Jul 29. [Epub ahead of print]
Bussolari R, Grisendi G, Cafarelli L, Loschi P, Scarabelli L, Frassoldati A, Maur M, De Santis G, Paolucci P,
Conte PF & Dominici M. MESENCHYMAL STROMAL/STEM CELLS FROM TISSUE REPAIR TO TUMOR CELLS
DESTRUCTION in “Stem Cell-Based Tissue Repair” Edited by R. Gorodetsky and R. Schäfer for the Royal
Society of Chemistry; Cambridge, UK. 2011
Grisendi G, Bussolari R, Veronesi E, Piccinno S, Burns JS, De Santis G, Loschi P, Pignatti M, Di Benedetto
F, Ballarin R, Di Gregorio C, Guarneri V, Piccinini L, Horwitz EM, Paolucci P, Conte PF & Dominici M.
Understanding Tumor-Stroma Interplays for Targeted Therapies by Armed Mesenchymal Stromal
Progenitors: The Mesenkillers. Am J Cancer Res. In press 2011
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Chromatin remodelling, senescence and Rett syndrome
Galderisi U. (1,2,3)
(1) Sbarro Institute for Cancer Research and Molecular Medicine, Center for Biotechnology,
Temple University, Philadelphia, PA, USA. (2) Department of Experimental Medicine,
Biotechnology and Molecular Biology Section, Second University of Naples, Naples, Italy. (3)
Human Health Foundation, Spoleto, Italy. E-mail speaker: umberto.galderisi@unina2.it

Methyl cytosine protein binding 2 (MECP2) binds preferentially to methylated CpGs and
regulates gene expression by causing changes in chromatin structure. The mechanism by
which impaired MECP2 activity can induce pathological abnormalities in the nervous system of
patients with Rett syndrome (RTT) remains unknown. Studies in different animal models have
produced conflicting results. In a mouse model of RTT syndrome, the results indicate that
MECP2 is involved in the maturation and maintenance of neurons, whereas in Xenopus
embryos, MECP2 mutations seem to affect neural cell fate decisions.
To gain further insight into the role of MECP2 in human neurogenesis, we compared the neural
differentiation process in mesenchymal stem cells (MSCs) obtained from a RTT patient and
from healthy donors. We further analyzed neural differentiation in a human neuroblastoma
cell line carrying a partially silenced MECP2 gene.
Senescence and reduced expression of neural markers were observed in proliferating and
differentiating MSCs from the RTT patient, which suggests that impaired activity of MECP2
protein may impair neural differentiation, as observed in RTT patients.
Next, we used an inducible expression system to silence MECP2 in neuroblastoma cells before
and after the induction of neural differentiation via retinoic acid treatment. This approach was
used to test whether MECP2 inactivation affected the cell fate of neural progenitors and/or
neuronal differentiation and maintenance.
Overall, our data suggest that neural cell fate and neuronal maintenance may be perturbed by
senescence triggered by impaired MECP2 activity either before or after neural differentiation.
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Cns-Directed gene/neural stem cell approaches for leukodystrophies
Neri M. (1,2), Lattanzi A. (1,3), Cavazzin C. (1,3), Santambrogio S. (1), Alcala’-Franco B. (1) ,
Ricca A. (1,3), Maderna C. (1), di Girolamo I. (3), Martino S. (3), Orlacchio A. (3), Naldini L. (1,2)
and Gritti A. (1)
(1) San Raffaele Telethon Institute for Gene Therapy (HSR-TIGET) and (2) Universita’ VitaSalute San Raffaele, Via Olgettina 58, 21032, Milano. (3) University of Perugia, Italy; e-mail
speaker: gritti.angela@hsr.it
Deficiency of arylsufatase A (ARSA) and ß-galactocerebrosidase (GALC) characterize
Metachromatic and Globoid Cell Leukodystrophies (MLD and GLD), respectively.
Glycosphingolipid storage in lysosomes throughout the central and peripheral nervous system
(CNS, PNS) leads to demyelination and neurodegeneration, which are worsened by extensive
neuroinflammation. Affected children have mental retardation and motor dysfunction. Death
typically occurs in infancy. Clinical observations suggest that enzyme deficiency might affect
myelination before overt storage and inflammation in GLD, but this issue has been poorly
addressed in pre-clinical studies. Similarly, little is known regarding the effect of GALC
deficiency on neural stem cell (NSC) and progenitors in the neurogenic niches during CNS
development. Therapeutic approaches ensuring rapid and sustained enzymatic levels in the
CNS before the onset of symptoms or in the symptomatic stage might be relevant in order to
prevent or counteract irreversible CNS damage. Gene therapy (GT) has the potential to provide
a permanent source of the deficient enzyme, either by directly delivering the missing enzyme
in the CNS or by transplanting enzyme-producing cells. In this latter approach, the peculiar
biology of neural stem cells (NSC) might be exploited. Our goal is to develop novel combined
gene- and NSC-based approaches to correct the metabolic defect and to restore tissue damage
in murine models of Leukodystrophies, focusing on Twitcher mice, a relevant GLD model. In
these mice we also performed pathophysiology studies, assessing the role of GALC in
regulating the function of NSC niches.
Our results show that a single injection of lentiviral vectors coding for the GALC or ARSA genes
in the white matter of GLD and MLD mouse models, respectively (direct intracerebral GT)
resulted in rapid, sustained and widespread expression of the functional enzymes in the whole
CNS, with reduction of tissue storage and improved pathology. In addition, we gave proof of
principle that neonatal intracerebral NSC transplantation provides rapid and long-lasting
production of GALC in the CNS of Twitcher mice, with reduction of storage, amelioration of
motor function and improvement in survival. Finally, we showed impairment in the
organization and function of neurogenic niches not only in symptomatic Twitcher mice
(confirming the role of inflammation in this process) but also in early post-natal
(asymptomatic) animals, suggesting a role of GALC in regulating neurogenesis and gliogenesis
during CNS development. Overall these studies gave proof of principle for feasibility and
efficacy of intracerebral GT and NSC-based therapy as potential approaches for the treatment
of leukodystrophies. In addition, they raise important points as regard the pathophysiology of
leukodystrophies, allowing understanding obstacles that need to be overcome for the future
development of clinical gene/cell therapy.
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Clinical use of mesenchymal stem cells (MSC): CASCADE and REBORNE projects (European
Commission 7th Framework Programme)
Krampera. M. (1), Layrolle P. (2), and Luc Sensebé L. (3).
(1) Stem Cell Research Laboratory, Section of Hematology, Department of Medicine, University of
Verona, Policlinico G.B. Rossi, P.le L.A. Scuro 10, 37134 Verona, Italy; (2) Inserm U957 – LPRO, Faculté
de Médecine , 1 rue Gaston Veil , 44035 Nantes cedex 1, France; (3) EFS Pyrénées Méditerranée –
Toulouse, France, CNRS/UPS UMR5273 STROMALab - Inserm U1031e-mail speaker:
mauro.krampera@univr.it

Tissue repair is becoming a major issue for million of patients each year and will continue to
grow in the future. Nevertheless, in spite of the promises they hold, tissue and cell therapies
are highly demanding in terms of production conditions and this influences the final cost of
such therapeutic solutions. Moreover, regenerative medicine is still at an early research stage
and therefore scientific and regulatory questions must be solved in relation to the
implementation of clinical trials of these products and their market approval by regulatory
bodies. Finally, stem cell research and use, particularly using allogeneic cells, raises important
ethical issues that should be addressed and solutions found. Two European scientific consortia
have been recently founded to develop standardized GMP methods of culturing adult stem
cells for clinical application for repairing damaged human tissues: as a pre-requisite, all the
partners included in each Consortium have been selected for having a broad and specific
expertise in mesenchymal stem cell (MSC) GMP-grade production, quality assessment, ethical
related problems, and clinical application. In particular: CASCADE (Cultivated Adult Stem Cells
as Alternative for Damaged tissuE) is a multicenter (16 European Partner Units) and
multidisciplinary cooperative project that has been financed by European Commission (Call
FP7-Health-2007-1.4-7, n. 223236). Cascade project has 4 different objectives, each of them
with secondary aims: 1. Development of culture conditions and standard tools for the
generation of allogeneic and autologous GMP-grade MSC derived from bone marrow, adipose
tissue, umbilical cord blood and amniotic membrane; 2. Evaluation of the therapeutic potential
and the mechanism of action of MSC for chronic wound healing of skin and cornea by in vitro
and in vivo models; 3. Definition of the general ethical perspectives of cellular therapies,
including such issues as donations of bone marrow cells for the generation of “pluri-use
allogeneic” MSC products, particularly in relation to safety and quality aspects for donors and
patients; 4. Preparation of study protocols for multicentre, prospective, double-blind and
placebo-controlled trials to evaluate the safety and efficacy of MSC applications for the
treatment of skin ulcers and corneal chronic ulceration. REBORNE (Regenerating Bone defects
using New biomedical Engineering approaches) is a multicenter (24 European Partner Units)
and multidisciplinary cooperative project that has been financed by European Commission
(Call FP7-Health-2009-1.4-2, n. 241879). Reborne project has 3 different objectives, each of
them with secondary aims: 1. Development of new biomaterials that trigger endogenous stem
cells to differentiate into osteogenic lineages and rapidly promote bone healing. 2.
Optimisation of safe and cost effective culture conditions, standard protocols and quality
controls for the production of autologous and allogenic cells committed to osteogenesis with a
predictable regenerative capability of a vascularized bone tissue; 3. Proving efficacy of
regenerative medicine by using advanced biomaterials with or without cells in clinical trials. In
particular, Reborne project includes three clinical studies in Orthopaedics (1. delayed union or
non-union of major limb injury related to accidents and multiple trauma; 2. avascular
osteonecrosis of the femoral head due to alcohol addiction or hormone therapy; 3.
osteonecrosis of the femoral head in young patients after immunosuppressive treatment
following leukemia), and two clinical studies in the field of maxillo-facial and dental surgery (1.
insufficient bone stock for dental implants; 2. alveolar bone defects in children with cleft palate).
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From tissue homeostasis to repair: the role of neural stem cells in brain regeneration
Martino G. (1)
(1) Institute of Experimental Neurology (INSpe), Division of Neuroscience, San Raffaele
Scientific Institute, Milan, Italy; e-mail speaker: martino.gianvito@hsr.it

Regenerative processes occurring under physiological (maintenance) and pathological
(reparative) conditions are a fundamental part of life, and vary greatly among different
species, individuals, and tissues. Physiological regeneration occurs naturally as a consequence
of normal cell erosion, or as inevitable outcome of any biological process requiring the
restoration of homeostasis. Reparative regeneration occurs as a consequence of tissue
damage. Although the central nervous system (CNS) has been considered for years as a
‘perennial’ tissue, it is now becoming clear that both physiological and reparative regeneration
occur within the CNS to sustain tissue homeostasis and repair. Proliferation and differentiation
of neural stem and progenitor cells (NPCs) residing within the healthy CNS, or surviving to the
injuries, are considered crucial in sustaining these processes. Thus, a large number of
experimental stem cell-based transplantation systems for CNS repair have recently been
established. The results suggest that transplanted NPCs might promote tissue repair not only
via cell replacement but also via their local contribution to changes in the diseased tissue
milieu.
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Optimization of cytokine-induced killer (CIK) cell expansion in clinical-grade cultures.
Bonanno G. (1) , Iudicone P. (1), Pierelli L.(1)
(1)Department of Blood Transfusion and Cell Therapy, Azienda Ospedaliera S. CamilloForlanini,Rome, Department of Gynecology, Catholic University Med. School,Rome, Italy; email speaker: lpierelli@scamilloforlanini.rm.it

Cytokine-induced killer (CIK) cells exert anti-tumor effect in vitro and represent a therapeutic
cell population potentially capable to inhibit tumor cell growth in vivo. Typically CIK cells
differentiated in vitro with interferon (IFN)-gamma and aCD3 monoclonal antibodies (mAb),
followed by the repeated provision of interleukin (IL)-2. It would be of certain interest to verify
whether a polyclonal immunoglobulin mixture directed against human thymocytes, can
improve the generation efficiency of CIK cells compared with aCD3 mAb in a clinical-grade
culture.To this end, peripheral blood mononuclear cells (PBMC) from 10 healthy donors and 4
patients with solid cancer were stimulated with IFN-gamma (1000 IU/mL) on day 0; low (50
ng/ml), intermediate (250 ng/ml) and high (500 ng/ml) concentrations of either aCD3 mAb or
thymoglobulin (TG) were added on day 1, followed by IL-2 (500 IU/mL) exposure every 3 days
for 21 days. During cultures cells were harvested weekly to monitor the expression of
representative members of the killer-like immunoglobulin receptor (KIR), NK inhibitory
receptor, NK activating receptor and NK triggering receptor families. We also quantified the
frequency of regulatory T cells (Treg) and tested the in vitro cytotoxic activity of CIK cells
against NK-sensitive K562 cells. CIK cells showed enhanced expansion in cultures
supplemented with intermediate and high concentrations of TG compared with 50 ng/ml aCD3
mAb. TG-driven CIK cells expressed a constellation of NK activating/inhibitory receptors, such
as CD158a and CD158b, NKp46, NKG2D and NKG2A/CD94, released high quantities of IL-12p40
and efficiently lysed K562 target cells. On the contrary, he frequency of Treg cells was lower at
any time-point compared with PBMC cultures nurtured with aCD3 mAb. Cancer patientderived CIK cells were also expanded in clinical-grade cultures. Four patients with advanced
cervical cancer, experiencing tumor progression after multiple lines of anti-tumor treatments,
were reinfused with 3 doses of CIK cells without any relevant side effects. At a median follow
up of 1 year 2 patients died of their disease and the remaining two patients are still alive with
a slow-progressive disease.
From these data, we can conclude that TG fosters the generation of functional CIK cells with no
concomitant expansion of tumor-suppressive Treg cells also in large-scale cultures and these
cells may be reinfused safely to patients with advanced cancer.
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Secreted noncoding RNAs and therapeutic neural stem cell plasticity
Pluchino S. (1)
(1) Dept of Clinical Neurosciences Cambridge Centre for Brain Repair and Cambridge Stem Cell
Initiative University of Cambridge, UK - email: spp24@cam.ac.uk

Compelling evidence exists that somatic stem cell-based therapies protect the central nervous
system (CNS) from chronic inflammation-driven degeneration, such as that occurring in
experimental autoimmune encephalomyelitis (EAE), multiple sclerosis (MS) and cerebral
ischemic/hemorrhagic stroke. However, it was first assumed that stem cells may act trough
direct replacement of lost/damaged cells, it has now become clear that they are able to
protect the damaged nervous system through a number of ‘bystander’ mechanisms other than
cell replacement. In immune-mediated experimental demyelination and stroke – both in
rodents and non-human primates - others and we have shown that transplanted neural
stem/precursor cells (NPCs) possess a constitutive and inducible ability to mediate efficient
‘bystander’ myelin repair and axonal rescue. Yet, a comprehensive understanding of the
multiple mechanisms by which NPCs exert their therapeutic impact is lacking. We envisage
that the remarkable therapeutic plasticity of NPCs results from their capacity to engage highly
sophisticated programmes of horizontal cell-to-cell communication at the level of the
(micro)environment and we attribute a key role to the transfer of secreted membrane vesicles
(MVs) from (donor) NPCs to (recipient) neighbouring cells. We are starting to define whether
this form of communication is biologically relevant for NPCs, and look forward to establishing
whether it is associated to cell-to-cell trafficking of non-coding RNAs (ncRNAs), and indeed on
elucidating its molecular signature and therapeutic significance for MS. We believe that the
true innovation of this approach relies in its unique peculiarity to look into an innate cellular
mechanism with the visionary focus of translating the knowledge of basal stem cell functions
into innovative high-impact clinical therapeutics for MS.
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Immunomodulation by mesenchymal stem cells
Benvenuto F. (1,2), Uccelli A. (1,2,3)
(1)Department of Neuroscience ,Ophthalmology and Genetics, University of Genoa. (2) Centre
of Excellence for Biomedical Research , University of Genoa; (3) Advanced Biotechnology
Center , Genoa, Italy; e-mail speaker: federica.benvenuto@unige.it

Mesenchymal stem cells (MSC) are a rare subset of stem cells residing in the bone marrow
where they closely interact with haematopoietic stem cells (HSC) and support their growth and
differentiation. MSC can differentiate into multiple mesenchymal and non mesenchymal
lineages providing a promising tool for tissue repair. In addition, MSC suppress many T cell, B
cell and NK cell functions and may affect also dendritic cell (DC) activities. Due to their limited
immunogenicity, MSC are poorly recognized by HLA incompatible hosts. Based on these
unique properties MSC are currently under investigation for their possible use to treat
immuno-mediated diseases. However, both their condition of immunoprivilege and their
immunosuppressive function have recently been challenged when analyzed under particular
experimental conditions. Thus, it is likely that MSC effects on the immune system may be
deeply influenced not only by cell-to-cell interactions, but also by environmental factors
shaping their phenotype and functions.

18

Microvesicles derived from human adult mesenchymal stem cells protect against ischemiareperfusion-induced acute and chronic kidney injury.
Bruno S.( 1, 2), Gatti S. (3) , Deregibus M. C. (2) , Sordi A.( 3) , Cantaluppi V.( 2) , C Tetta C. (4),
Camussi G. (2)
(1) Department of Internal Medicine and Molecular Biotechnology Center, University of Torino,
Italy; (2) Sis-Ter S.p.A., Palazzo Pignano (CR), Italy; (3) Center for Surgical Research; Fondazione
IRCCS Cà Granda Ospedale Maggiore Policlinico, Milano, Italy; (4) Fresenius Medical Care, Bad
Homburg, Germany ; e-mail speaker: stefania.bruno@unito.it

Acute kidney injury (AKI), as a consequence of ischemia, is a common clinical complication that
may cause a subsequent chronic kidney disease (CKD). Several pre-clinical studies showed that
mesenchymal stem cells (MSCs) ameliorate experimental AKI, acting mainly via paracrine
mechanisms, rather then by MSC trans-differentiation. We recently demonstrated, in an
experimental model of glycerol induced-AKI, that microvesicles (MVs) released from MSCs may
account for this paracrine action by a mechanism of horizontal transfer of RNAs.
The aim of the present study was to evaluate whether administration of MVs in rats with
ischemia reperfusion injury (IRI) may favour renal recovery from AKI and prevent CKD
development.
MVs, isolated from MSCs, were injected intravenously in rats (30 g/rat) immediately after
monolateral nephrectomy and renal artery and vein occlusion for 45 minutes. To evaluate the
MV effects on AKI induced by IRI, the animals were divided into different groups: normal rats
(n=4), sham operated rats (n=6), IRI rats (n=6), IRI+MV rats (n=6), IRI+ RNase-MV rats (n=6) and
all animals were sacrificed at day 2 after operation.
To evaluate the chronic kidney damage consequent to IRI, the rats were divided into the
following groups: sham operated rats (n=6), IRI rats (n=6), IRI+MV rats (n=6) and all animal
were sacrificed 6 months after the operation.
We found that a single administration of MVs, immediately after IRI, protects rats from AKI by
inhibiting apoptosis and stimulating tubular epithelial cell proliferation. The MVs also
significantly reduced the impairment of renal function. Pre-treatment of MVs with RNase to
inactivate their RNA cargo, abrogated these protective effects. Moreover, MVs by reducing the
acute injury also prevented later CKD.
In conclusion, MVs released from MSCs protect from ischemia reperfusion-induced AKI and
from the subsequent chronic renal damage, suggesting that MVs could be exploited as a
potential new therapeutic approach.
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Neural precursor cells of the subventricular zone protect the brain from inflammationinduced excitotoxicity by regulating the striatal glutamatergic tone.
Butti E. (1) , Bacigaluppi M. (1,2) , Rossi S. (3), Cambiaghi M. (4), Brambilla E. (1), De Ceglia
R.(1), Teneud L. (4), De Chiara V. (3) , Cebrian Silla A. (5), Bari M. (6), Comi G. (2), D’Adamo P.
(7) , Verdugo G. (5), Muzio L. (1), Quattrini A. (8), Leocani L. (4), Maccarrone M. (6), Centonze D.
(3), Martino G. (1).
(1) Neuroimmunology Unit, Division of Neuroscience, INSPE, San Raffaele Scientific Institute,
Milan, Italy. (2) Department of Neurology and Neurophysiology, San Raffaele Scientific
Institute and Università Vita–Salute, Milan, Italy. (3) Neurologic Clinic, Department of
Neuroscience, Tor Vergata University, Rome, Italy. (4) Experimental Neurophysiology Unit,
Division of Neuroscience, INSPE, San Raffaele Scientific Institute, Milan, Italy. (5) Department
Comparative Neurobiology, Instituto Cavanilles, University of Valencia, Valencia, Spain. (6)
Department of Biomedical Sciences, University of Teramo, Teramo, Italy. (7) Molecular
genetics of mental retardation Unit, Division of Neuroscience, San Raffaele Scientific Institute,
Milan, Italy.(8) Neuropathology Unit, Division of Neuroscience, INSPE, San Raffaele Scientific
Institute, Milan, Italy; e-mail speaker: butti.erica@hsr.it

Recent studies support the existence of an innate self-maintenance program within the central
nervous system (CNS) sustaining tissue homeostasis and repair. Among the underlying
mechanisms, axonal growth, synaptogenesis, generation of newly formed neural cells by
endogenous adult neural stem/precursor cells (aNPCs) are the most important. Here we show
that aNPC from the subventricular zone (SVZ) do block the increased frequency and duration
of glutamate-induced spontaneous excitatory post synaptic currents induced onto striatal
slices by inflammatory stimuli such as TNFa. The aNPC-mediated activity was elicited only
when cells were pre-treated with LPS and was mediated by cannabinoids since the effect was
completed abolished when in the presence of the CB1 agonist HU210. To assess whether this
pehoneomnon was also measurable in vivo we generated a NestfloxGFPfloxTK-IRES-LacZ
transgenic mouse line in which we had the possibility to selectively kill aNPCs upon ganciclovir
(GCV) injection. Mice were crossed with a CMVCre transgenic line so to restrict GFP and LacZ
expression only in nestin positive cells. After GCV administration, there was a decreased
number of SVZ aNPCs. In GCV treated Nestin-TK mice, we found an increase of frequency and
duration of spontaneous excitatory post synaptic currents which was super imposable to that
observed in vitro. and also an increase of decay time and half width. Considering the in vivo
dysbalance of glutamatergic currents observed in the striatum of Nestin-TK mice and the
central role of striatal neurons in controlling cortical currents, we studied whether or not those
mice were more susceptible to 4-Aminopyridine-induced epilepsy. A significant increased
number of epilepsy-induced deaths were observed in GCV treated Nestin-TK mice compared to
control mice. The phenomenon was completely reverted by intrastriatal injection of the CB1
agonist HU210.
Our data showing that SVZ aNPCs regulate the glutamatergic tone in the striatum during brain
inflammation via cannabinoid secretion do suggest that aNPCs might act as guardians of the
brain by protecting it from glutamate-mediated excitotoxicity.
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Evaluation of valproic acid, berberin and resveratrol effects on adipogenic differentiation of
human mesenchymal stem cells
Caldara C. (1 ), Donzelli E. (1) , Tredici G. (1) , Miloso M.(1).
(1) University of Milano-Bicocca, Department of Neuroscience and Biomedical Technologies,
Monza (MB), Italy; e-mail speaker - c.caldara@campus.unimib.it
Obesity is a complex disease characterized by excessive fat accumulation due to hyperplasia
and hypertrophy of adipocytes. Because of its increasing worldwide prevalence, the research
on anti-obesity drugs with good efficacy and without side effects is of pivotal interest.
In this study we evaluated the effects of Valproic Acid, Berberin and Resveratrol on the
adipogenic differentiation process of human Mesenchymal stem cells (hMSCs), that represent
the physiological precursors of human adipocytes.
hMSCs induced to adipogenic differentiation were treated with the drugs at specific doses,
chosen on the basis of a cytotoxity assay. Controls were represented by hMSCs treated with
adipogenic medium without drugs. Valproic Acid, Berberin and Resveratrol inhibited hMSCs
adipogenic differentiation in a dose dependent manner as demonstrated by the reduction of
the lipid droplets accumulation, assessed by Oil Red O staining. Moreover the evaluation of the
expression of cyclins and CDKs, by immunoblotting and flow-cytometry analyses,
demonstrated that Valproic Acid, Berberin and Resveratrol interfere on the cell cycle
progression. Among the different molecular pathways involved in adipogenesis, we focused
our attention on ERK1 and ERK2, members of the MAPKinases family. The expression and
phosphorylation status of the two kinases were assessed by immunoblotting. In hMSCs
induced to adipogenic differentiation the phosphorylation of ERK1 increased after treatment
with Berberin while its expression decreased with Valproic Acid and Resveratrol compared
with hMSCs treated with adipogenic medium only. Both phosphorylation and expression of
ERK2 were unchanged in all the experimental condition evaluated.
Our study demonstrate that Valproic Acid, Berberin and Resveratrol exert an anti-adipogenic
effect on hMSCs induced to adipogenic differentiation. The alteration of cell cycle progression
is one of their mechanism of action. ERK1 and ERK2 could be partly involved in the antiadipogenic effect of the examined drugs but likely different molecular pathways are implicated
and other studies are required to identify them.
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Autologous Bone Marrow Stem Cells Transplantation for Treatment of Critical Limb
Ischemia: 18 Month Outcome of a Pilot Study.
Caradonna E.(1) – Testa N. (1)- De Filippo C.M.(1) - Spatuzza P.(1) - Di Giannuario G.(1) Alessandrini F.(1)
(1) Department of Cardiovascular Disease, “John Paul II" Center for High Technology Research
and Education in Biomedical Sciences, Catholic University of the Sacred Heart, Campobasso,
Italy; e-mail speaker - eugenio.caradonna@gmail.com
OBJECTIVE: To evaluate in a randomized study the efficacy of autologous bone marrow stem
cells administration in patients with Critical Limb Ischemia (CLI) not eligible for
surgical/endovascular revascularization.
METHODS: Between September 2008 and June 2009 17 patients were enrolled. Group A: a
stem cell concentrate from autologous bone marrow aspirate, treated by Harvest Technique
(SmartPReP2 BMAC™ Harvest Technologies Corporation), was implanted in the ischemic limb
of 10 patients. Group B: 7 patients were treated by prostanoid therapy. After 1, 3, 6, 12 and 30
months Ankle Brachial Index (ABI) and Transcutaneous partial oximetry (TcpO2) were
evaluated. Angiography or Magnetic Resonance were performed and clinical parameters were
tested a 6, 12 e 24 months.
RESULTS: At 18 month mean follow-up, all but one patient of group A avoided major
amputation and preserved their ischemic limb with improvement of their quality of life.
Indeed, all patients presented improvement of ABI and TcpO2. Rest-pain and need of analgesic
therapy decreased or disappeared, as well as peripheral lesions. Few of them underwent
minimal necrosectomy. In one patient a major amputation was required, because of an
infectious complication of necrosectomy. Control group (Group B) patients showed only an
early improvement of clinical conditions, ABI and TcpO2 (30 days follow-up visit) with a
subsequent worsening of clinical features. At 24 months follow-up, in Group B 3 patients had
needed a major amputation and 2 patients had died; in Group A no patients had died or
needed major amputation. One patient treated with percutaneous transluminal angioplasty
(PTA) for left limb critical limb ischemia and with stem cells implantation for right limb
ischemia (no options for revascularization) underwent left leg amputation. One patient
developped a gastric cancer two years after stem cells treatment. No patients developed
sarcoma in injections sites.
CONCLUSIONS: Autologous bone marrow stem cell transplantation seems a safe and
apparently valid therapeutic option in selected patients with critical limb ischemia not eligible
forsurgical/endovascular revascularization. We observed limb salvage and a stable
improvement after 24 months of ABI, TcpO2 and clinical conditions.
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Role of CSB gene product in adult neurogenesis and neuroprotection
Ciaffardini F.(1) - Proietti-De-Santis L. (1)
(1) Department of Ecology and Biology - Università degli Studi della Tuscia. Via S. Camillo de
Lellis snc. 01100, Viterbo; e-mail speaker: fciaffardini@hotmail.it

Cockayne syndrome (CS) is a progressive developmental and neurodegenerative disorder,
associated with DNA repair and transcriptional defects, resulting in premature death during
childhood. Most of patients are mutated in the csb gene. The molecular neuropathology
associated with such deficit is largely unknown. Observation that neurological symptoms may
be detected either at birth or during the childhood suggests a key role for CSB protein in the
plasticity and the maintenance of central nervous system. A likely possibility is that the loss of
CSB gives rise to a massive death of neural cells thereby affecting the homeostasis of nervous
system tissues. Alternatively, CSB deficiency might impact the transcriptional programs that
govern survival and differentiation of adult neural stem cells.
Our innovative approach makes use of myc-immortalized human neural stem cell line (ReNcell
VM) with efficient self-renewal and multi-lineage differentiation capabilities, which would
likely provide valuable information on the molecular cause of neurodegeneration in CS-B
patients. To determine the role of CSB gene, in human adult neurogenesis and
neuroprotection, we have made attempts to silence the CSB gene efficiently in ReNcell VM
neural progenitor cells. Effective stable CSB gene silencing was obtained using lentiviral based
shRNA vector transduction.
Preliminary studies showed a much greater sensitivity of CSB suppressed neural progenitor
cells to oxidative-induced damage in comparison to control scrambled vector transfected cells.
These observations clearly illustrate that CSB gene is critical for the prevention of DNA damage
accumulation in neural progenitor cells. Currently, experiments on the effect of CSB gene
suppression on the self-renewal and differentiation capabilities of neural progenitor cells are in
progress.
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Nucleoporated amniotic fluid cells retain their stemness in in vitro and in vivo experimental
models.
Curini V. (1)*, Colosimo A. (1)*, Bernabò N. (1), Turriani M. (1), Mauro A. (1)*., Valbonetti L. (1)*,
Di Giacinto O. (1), Marchisio M. (2)*, Stuppia L. (3,4)*, Russo V.(1)*, Muttini A. (1)*, Mattioli M.
(1)1*, Barboni B. (1)*
(1)Department of Comparative Biomedical Sciences, University of Teramo, (2) Department of
Biomorphology, (3) Department of Biomedical Sciences, University “G. D’Annunzio” ChietiPescara, (4) Centro Studi sull’Invecchiamento “CeSI”, Fondazione G. D’Annunzio Chieti-Pescara,
Chieti, Italy* StemTeCh group, Chieti, Italy; e-mail speaker: valentinacurini@yahoo.it

In regenerative medicine, stem cells are a useful tool for repairing the functionality of
damaged tissues and organs. Recently, scientists have given special attention to amniotic
derived cells, because these cells have demonstrated the expression of stemness markers and
a high degree of plasticity. Other important biological characteristics are low immunogenicity
and immunoregulatory features observed in vitro and in vivo, which together allow the use of
these cells for allo/xenografts. Amniotic cells have also anti-inflammatory, antimicrobial,
antifibroblastic features, do not show any evidence of tumor formation as, in contrast,
embryonic stem cells, which could represent, for their high plasticity, alternative therapeutic
approaches targeted at different tissues. However, pre-clinical studies are still necessary to
demonstrate the regenerative capacity of amniotic stem cells to document the mechanisms
and to ensure the long-term safety of the treatment. In this context, it becomes relevant the
animal model, which should have morpho-functional characteristics similar to human. For this
reason the sheep can be considered an optimal model for studying bone, skeletal muscle or
tendon diseases. To assess the regenerative effect of transferred stem cells into a pathological
or experimental damaged tissue, it is necessary to have cells which express a marker, such as
the Green Fluorescent Protein (GFP), that allows their identification after transplantation. The
aim of this study was to verify in vitro and in vivo the stemness properties of ovine amniotic
fluid stem cells (ovine amniotic stem cells, oAFSCs), transfected with the eGFP reporter gene
using a nucleofection protocol validated for human mesenchymal cells. The oAFSCs after
nucleofection showed a high proliferative index, a normal karyotype and stable expression of
surface antigens CD49f, CD166 and CD29 and stem cell markers Oct4, Sox2, Nanog and TERT.
These cells also retained the capacity to differentiate into osteogenic lineage, as confirmed by
Alizarin Red staining and alkaline phosphatase assay. Finally, it was evaluated the in vivo
regenerative potential of nucleoporated oAFSCs allotransplanting these cells in a sheep
experimentally injured tendon. After 30 days of transplantation, immunohistochemical
analysis revealed a major reorganization of the allografted tissue compared to the control one.
The treated tissue showed abundant collagen fibers oriented parallel to the longitudinal axis of
the tendon, and in particular immature fibers (COLIII), present during tissue regeneration,
were completely replaced by mature ones (COLI). Cell transplantation stimulated a rapid
vascular reorganization. The GFP+-oAFSCs were found within the injured tissue and some
showed a fusiform morphology and were trapped in the newly deposited matrix. Finally,
biomechanical tests demonstrated that eGFP+-AFSC treated tendons rapidly improved the
recovery of their mechanical properties. Thus, confirming that allotransplanted oAFSCs can be
used to improve tendon healing and opens the way for a potential translational use of these
cells in regenerative medicine.
This study was supported by the Tercas Foundation (Italy)
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The stimulation of ATP P2 receptors modulates the proliferation oh human brain tumor stem
cells
D’Alimonte I. (1,2)*, Lannutti A. (1,2)*, Nargi E.(1,2)*, Cicchitti S. (1), Torelli E. (1), Petragnani
N. (1), Marchisio M. (2,3), Ricci-Vitiani L. (4), De Maria R. ( 4), Caciagli F. (1), Ciccarelli R. (1,2).
(1)Depts. of Biomedical Sciences, (2) Medicine and Aging Sciences and (3)Stem TeCh group,
University of Chieti; (4)Dept. of Hematology, Oncology and Molecular Medicine, Istituto
Superiore di Sanità (ISS), Rome. Italy; E-mail speaker - i.dalimonte@dsb.unich.it
*Equally contributed to the study
Malignant brain tumors comprise a restrict population of stem cells, named brain tumor stem
cells (BTSCs), that show an abnormal degree of self-renewal and high resistance to current
chemotherapy. Purine and pyrimidine analogues, known antimetabolites interfering with a
large number of intracellular targets to induce cytotoxicity, are now demonstrating an
antitumor activity linked to the stimulation of specific purinoceptors in different cancer types,
including brain tumors. Based on this evidence, we investigated the potential anticancer
effects of some natural and synthetic purinoceptor ligands in BTSCs deriving from bioptic
samples of human glioblastoma multiforme, grade IV, the most aggressive glial tumor. In
cultured BTSCs, we first evaluated the expression of purinoceptors belonging to the families of
adenosine P1 (A1, A2A, A2B, A3) and ATP P2 receptors (either metabotropic P2Y or ionotropic
P2X subtypes), observing a major expression of the A3 subtype for adenosine and P2Y1, P2Y2,
P2Y4, P2Y13 and P2X7 subtypes for ATP. Then, we assayed the effects caused by the
stimulation of some of these receptors (performed 24 h after cell seeding on Matrigel) on BTSC
growth. The exposure of undifferentiated BTSCs for 48 h to ATP, the natural ligand of all P2
receptors, caused a dose-dependent increase (10-100 µM) or decrease (250-1000 µM) of cell
survival measured after further 24 h. Cell proliferation was significantly diminished also by
BTSC exposure for 48 h to 500-1000 µM UTP, that more selectively bind P2Y2/4 receptors, or
for 24 h to 500-1000 µM benzoyl-ATP (Bz-ATP), agonist of P2X7 receptors. Interestingly, when
cell proliferation was evaluated again 96 h after the end of the pharmacological treatment, a
renewal of cell duplication was found only following ATP addition in the range from 100 to 500
µM. On the contrary, cell exposure for 48 h to ADPβS (10-200 µM), a rather selective agonist
for P2Y1/11/13 receptors, dose-dependently stimulated BTSC proliferation and this effect was
evident after further 96 h without drug. The effect of ATP, UTP and ADPβS was counteracted
by the non selective P2 receptor antagonist, suramin, as well as that induced by Bz-ATP was
antagonized by the specific P2X7 receptor antagonist, oxidized-ATP. We are currently
evaluating whether the same purinergic agonists are able to affect BTSC differentiation
towards an astrocytic phenotype and the eventual synergistic action between purinergic
ligands with cytotoxic antitumoral agents currently used for brain cancer chemotherapy. At
present, our results indicate that the stimulation of some ATP P2 receptors may exert
significant antitumoral effects on cells originating malignant brain tumors, thus opening a new
exciting avenue of investigation.
This study was partially supported by the CariChieti Foundation (Italy)
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Neural stem cells in the lateral ventricles of adult mouse brain. Presence and role of PPARγ
in the neurogenic niche
Di Giacomo E. (1), Cimini A.(1), Cristiano L. (1) , Moreno S. (2), Fanelli F. (2), Cerù M. P. (1)
(1) Dipartimento di Biologia di Base ed Applicata, Università dell'Aquila; (2) Dipartimento di
Biologia, Università Roma Tre; e-mail speaker: erica.digiacomo@tiscali.it

Neurogenesis takes place throughout life in two main areas of the adult mammalian brain: the
subventricular zone (SVZ) of the lateral ventricles (LVs) and the subgranular zone (SGZ) of the
hippocampal formation. Recently, a role for the Peroxisome Proliferator-Activated Receptors
(PPARs) in regulating neurogenesis has been suggested. In particular, PPARγ has been reported
to regulate neural stem and progenitor cell (NSC/NPC) proliferation and differentiation in
mouse embryo and adult rat brain.
In this work we studied the in situ localization of PPARγ in the adult mouse LVs, analyzing, by
immunofluorescence, its pattern of expression along the antero-posterior (A-P) axis, together
with markers of different stages of neurogenesis: GFAP and Nestin, to identify NSCs/NPCs;
SDNSF, a secreted factor so far described in the hippocampal SGZ as NSC/NPC marker; SOX2, a
transcription factor involved in neuron maturation and survival; DCX, a microtubule-associated
protein expressed in migrating neuroblasts and young neurons; βIII-tubulin, marker of early
postmitotic and differentiated neurons.
PPARγ was found in ependymal, SVZ and rostral migratory cells, with a nuclear localization
which suggests its transcriptional activity. The overlapping distribution of PPARγ with SOX2
along the A-P and dorso-ventral (D-V) axes, both in the ependyma, the SVZ and the rostral
migratory region strongly suggests that PPARγ is a component of the neurogenic pathway.
Moreover, the analysis of serial rostro-caudal coronal sections showed that PPARγ positivity
decreases in the LV caudal portion, in agreement with the reported rostro-caudal gradual loss
of neurogenic potential.
Concerning SDNSF, this is the first report on the presence of this factor in the LV neurogenic
region, where a cytoplasmic staining, particularly evident in some ependymal and
subependymal cells of the dorso-lateral layer of the LVs, was observed. Interestingly, the
positivity seems to decrease caudally, in agreement with the suggested role of SDNSF in the
maintenance of stemness and multipotency and, differently from PPARγ, is completely absent
from the rostral migratory region. DCX showed a nuclear/cytoplasmic localization in only
scattered ependymal and subependymal cells, while being particularly abundant in the dorsolateral portion and migratory region of rostral LVs, similarly to PPARγ. Finally, the βIII-tubulin
was absent from ependyma, while was found in the lateral SVZ and in the rostral migratory
region, where colocalized with PPARγ.
In conclusion, the results so far obtained strongly indicate that PPARγ is involved in adult
neurogenesis, being expressed both in the ependymal and subependymal layers of LVs, where
the immature NSCs/NPCs are localized and in committed neuroblasts, both mitotic and
postmitotic, migrating along the rostral migratory stream.
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Blood derived stem-like cells: phenotypic and molecular characterization
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Stem cells have been widely used in the clinical veterinary’s practice to treat tendonitis and
orthopaedic injuries. So far, bone marrow and also adipose tissue have been considered the
main source of Mesenchymal Stem Cells (MSCs). Endocannabinoids are bioactive lipids that, by
binding to G protein-coupled receptors, activate specific signalling pathways in response to
pathogenic events or stimuli, and are involved in the differentiation process of many celltypes. Recently, it was reported that bone marrow stromal cells secrete the two major
endocannabinoids, anandamide (AEA) and 2-arachidonoylglycerol (2-AG), and that
hematopoietic stem and progenitor cells express the type-1 cannabinoid receptor (CB1).
In this study, we present the phenotypic and molecular characterization of expanded stem like
cells from mammals peripheral blood (Patent No. IT RM 2006A000498 in APC), and we show
the presence of mRNA of all AEA and 2-AG metabolic enzymes and their target receptors.
The results obtained by cytofluorimetric analysis on sorted stem- like cells identified at least
three subpopulations:
“typical hematopoietic stem-like cell” population, positive for CD90, CD117 and CD34;
“mesenchymal stem-like cell” population, showing CD105, CD50 expression;
“pluripotent stem-like cell” population, expressing the intracellular transcription factors
Sox2, Oct3/4 and Nanog.

Quantitative real time-PCR assays showed that these stem-like cell populations
have the mRNA of the enzymes responsible for the synthesis and degradation of
AEA and 2-AG, but not of their cannabinoid binding receptors.
In conclusion, our results demonstrate that blood derived stem-like cells: i) express
all the typical markers characterizing pluripotent stem cells; ii) are able to differentiate
in vitro in osteocytes, adipocytes, keratinocytes and neuronal cells, and iii) possess the
main elements of the endocannabinoid system.
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Potential role of Calcium Sensing Receptor (CaSR) during osteogenic differentiation in cells
derived from human amniotic fluid (AFSCs).
Di Tomo P. (1), Pipino C. (1), Pierdomenico L. (2) , Antonucci I. (3), Cianci E. (1), Romano M. (1),
Miscia S. (2), Stuppia L.(3), Marchisio M.(2), Pandolfi A. (1).
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Human stem cells derived from amniotic fluid (AFSCs) have been recently identified as a
pluripotent, not tumorigenic in animal models and then promising for therapeutic applications.
Several groups are involved in the characterization of AFSCs and their potential role in
regenerative medicine. Their use in therapy for bone damage of traumatic and degenerative
origin has already been hypothesized. Although several scientific evidences demonstrate the
AFSC ability of osteogenic differentiation, to date the mechanisms involved are not fully
understood.
Recently, considerable progress has been done in understanding the potential functional role
of the Calcium Sensing Receptor (CaSR) in the bone cells. Data obtained both in vitro and in
vivo indicate that this receptor, a G protein-coupled receptor able to binding calcium ions,
plays a physiological role in regulating bone metabolism. In particular, the CaSR regulates the
recruitment, differentiation and survival of osteoblasts and osteoclasts through the activation
of several intracellular signaling pathways. Although several in vitro studies suggest that the
CaSR might take part in the process of osteogenic differentiation, today nothing is known
about its expression and function in the model of stem cells obtained from amniotic fluid.
Thus, the aim of our study was to evaluate the possible expression of CaSR in AFSCs and its
potential modulation during osteogenic differentiation.
AFSCs were isolated, cultured (70-80% confluence) and then osteoblastic differentiation was
induced by treating cells with ascorbic acid-2-phosphate (0.05 mM), beta-glycerophosphate
(10 mM), dexamethasone (100 nM). After 7, 14 and 21 days, osteogenic differentiation was
assessed by Real Time-PCR using specific markers (OPN, OCN, OPG, ALP and Runx2) and
Alizarin Red S assay. CaSR protein expression was evaluated by western blot analysis (tissue
extract denaturated under reducing and non-reducing conditions), flow cytometric analysis
and confocal microscopy before and after osteogenic differentiation.
Western blot analysis demonstrated for the first time the CaSR protein expression in AFSCs. Of
note, after 14 days osteogenic differentiation the levels of mature monomer CaSR
(approximately 160 kDa, it constitutes the functional active dimer which resides on the cell
surface) significantly increased (p<0.01). In parallel, analysis by confocal microscopy showed a
significant expression of CaSR in AFSCs with a predominantly intracellular distribution pattern.
During osteogenic differentiation CaSR levels significantly increased (p<0.05) and in particular,
as demonstrated by flow cytometric analysis, its localization on the cell surface, thus indicating
that functional active dimer may be involved in the mechanisms of AFSC osteogenic
differentiation.
Taken together, our results demonstrate for the first time that CaSR protein is expressed and
modulated during osteogenic differentiation in human stem cells derived from amniotic fluid.
This preliminary study could provide important information on mechanisms regulating
osteogenesis in AFSCs, useful to improve the use of these cells in regenerative medicine.

This study was partially supported by the CariChieti Foundation (Italy)
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Expression profiles of genes involved in regulation of stem cells properties in a small cohort
of neuroblastoma and breast cancer patients.
Squillaro T. (1) and Finicelli M. (1)
(1) Human Health Foundation Onlus, Terni, Italy ; e-mail speaker: mauro_finicelli@yahoo.it

“Cancer stem cells” (CSCs) have been isolated from many tumors. Like stem cells, CSCs are
widely thought to be able to proliferate indefinitely through a deregulated cellular self-renewal
capacity. Recently, the CSC model of tumorigenesis has proposed that within the tumor mass
there is a predetermined cell population with a “stem cell” phenotype, able to perpetuate the
cancer, while the rest of the tumor cells are incapable of self-renewal. Several evidences have
reported that CSCs can also be isolated from solid human cancers such as breast, brain,
melanomas, prostate, liver and neural (such as glioblastoma, medulloblastoma and
neuroblastoma). Understanding the role of CSCs during carcinogenesis, from tumor initiation
to metastasis formation, has become a major focus in stem cell biology and in cancer research.
It has been shown that histologically poorly differentiated tumors show preferential
overexpression of genes normally enriched in embryonic stem cells. Studies on transcriptional
profiling of stem cells allowed a preliminary identification of “stemness” genes participating in
the control of stem cell properties, such as self-renewal ability and retention of an
uncommitted state.
We chose to analyze a panel of 13 embryonic stemness genes in twenty neuroblastoma tumor
(NB) samples to evaluate which of them were expressed and if so, whether or not a correlation
existed with the disease’s stage. In several specimens we detected the expression of genes
belonging to the OCT3/SOX2/NANOG/KLF4 core circuitry that acts at the highest level in
regulating stem cell biology. This result is in agreement with studies showing the existence of
malignant stem cells in neuroblastoma. We also observed differences in the expression of
some stemness-related genes that may be useful for developing new prognostic analyses.
Preliminary data suggests that the presence/absence of UTF1 along with differences in BMI1
mRNA levels could distinguish low grade neuroblastomas from IV stage tumors.
These results induced us to evaluate the expression profiles of stemness genes in breast
cancer. We address our attention to a particular subtype of breast cancer the “triple negative”.
Several studies assess that the poor prognosis, aggressive character and pick of recurrences
following therapy showed by triple negative patients may correlate to the presence of breast
CSCs. Therefore our purpose consist of analyzing the expression of the 13 stemness genes in a
cohort of both triple negative and luminal (the mostly differentiated breast cancer subtype)
breast cancer patients to evaluate possible predictive markers of prognosis likely related to the
degree of tumor differentiation.
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Cardiac Muscle Engineering: Strategies to deliver stem cells to the damaged site.
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Cardiovascular diseases represent the main cause of morbidity and mortality worldwide.
Among cardiac diseases, heart failure is the most common end-stage pathology, leading to
impaired cardiac output and cardiac performance as a result of the irreversible loss of
contractile cardiomyocytes. Tissue engineering holds the promise to provide innovative
solutions to the problem of cardiac muscle repair. In the last years, the use of stem cells and
biocompatible, biodegradable scaffolds of natural or synthetic origin as well as the possibility
to employ dynamic culture conditions has speeded up the search for new protocols to repair
cardiac muscle. Indeed, the identification of little reservoirs of stem and progenitor cells within
every body district opened new perspectives to the setup of minimally invasive intervention
protocols for cardiac diseases. Nonetheless, a number of pre-clinical and clinical trials using
stem/ progenitor cells were recently performed; in such trials, different stem cell subsets were
directly injected into the myocardium or delivered through bloodstream to the heart, but the
results were sometimes astonishing: no or few cells could be found engrafted within host
tissue few weeks after the administration. Such results suggest that additional efforts to setup
efficient systems to deliver stem cells to the injured site are required. Recently, our group
developed original approaches to the issues of stem cell growth, differentiation and delivery.
In a first attempt, directional thermally-induced phase separation has been employed to
obtain thick scaffolds with oriented porosity to prepare multilayered cardiac constructs.
Moreover, thermo-responsive polymers have been used either to obtain scaffoldless,
multilayered cardiac patches or to prepare smart surfaces changing their mechano-physical
properties with temperature. Thus, the effect of stiffness on stem cell differentiation as well as
the role of scaffold micro- and nano-structure in favoring stem cell engraftment and
differentiation is investigated. Finally, a critical review on the results obtained using different
delivery routes (i.e., direct intramural injection, bloodstream delivery, scaffold-based and cell
sheet technologies) is given.
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3D Visualization of Unlabeled Transplanted Stem Cell in Infarcted Rat Heart by HighResolution X-ray Microtomography.
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X-Ray microtomography (microCT) has been successfully used in order to provide information
about bone, lung, kidney and biomaterial structure. However, some concerns persist in the
scientific community for its in-vivo and ex-vivo applicability in longitudinal imaging of cell fate.
Specifically, the possibility to study remote time points after cell injection seems to be limited
by the lack of information on important variables such as cell proliferation and cell death. This
appears to be due to the need of cell labeling using iron oxide nanoparticles that may
accumulate in macrophages after death of delivered cells, and hence their signals do not
precisely reflect stem cell fate (Terrovitis et al, Circulation 2008; Higuchi et al, J Nucl Med
2009).
The present study shows that X-ray computed microCT in ex-vivo conditions may offer the
unique possibility to detect, in the infarcted rat heart one week after injection, the 3D spatial
distribution of Stem Cells, without the use of any contrast agent.
Contrast between myocardium and injected stem cells relies on the presence of phase contrast
and not on iron oxide nanoparticles as employed in several microCT studies performed in
absorption conditions.
The obtained 3D images represent a very innovative result because they definitively avoid the
possibility that bright spots in 3D microCT images represent macrophages that have
phagocytized iron nanoparticles, or particles that have been expelled from injected cells into
the interstitium.
This work provides evidence that the Authors’ conclusions (Giuliani et al. , Journal of Tissue
Engineering and Regenerative Medicine, in print) on cell migration away from the infarcted
area are not speculative.
Finally, observations made by the present investigation strongly support the contention that
phase-contrast microCT represents a new 3D-imaging way to investigate the cellular events
involved in cardiac regeneration and represents a promising tool for other applications in
regenerative medicine.
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Induced pluripotent stem cells as a potential source of autologous neural stem cells for
multiple sclerosis therapy
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In the most recent years, we and others accumulated pre-clinical data in experimental models
of demyelination suggesting that therapies based on the transplantation of neural
stem/precursor cells (NPCs) can contribute to prevent or repair CNS damage through
immunomodulation and remyelination. To translate pre-clinical data into clinically useful
therapeutic protocols, a large numbers of expandable autologous human precursors should be
obtained in order to develop stem cell-based therapies without any concern for the patient
immune response. Induced pluripotent stem (iPS) cells – a new source of pluripotent stem cells
obtained by genetic reprogramming of somatic cells – may represent the appropriate tool to
reach the abovementioned aims. So far, we have successfully obtained different iPS cell lines
from various multiple sclerosis (MS) patients and healthy controls and from mouse embryonic
fibroblasts (MEFs) using both retroviral vectors and an excidible policistronic lentiviral vector.
Their pluripotent state have been confirmed by RT-PCR for non viral pluripotency associated
genes, immunocytochemistry assays for pluripotency markers, the embryonic stem cell-like
morphology and, concerning miPS cells, the capability to generate chimeric mice after
blastocyst injection. We have also tested a variety of protocols to induce iPS cells toward
neural and oligoglial commitment, and we have recently accumulated solid data showing the
possibility to induce in vitro neural commitment (e.g. NPCs) of mouse iPS cells. To evaluate the
in vivo remyelination capacity and immunomodulatory properties of these cells, we are now
performing transplantation experiments in both mouse model of demyelination (shiverer
mice) and of multiple sclerosis (e.g. EAE). In shiverer mice we found that cells deeply integrate
and differentiate in myelinating oligodandrocytes. We have also recently accumulated some
preliminary data in EAE mice transplanted with neuralized iPS cells. In this experiment we
found cells integration at all levels of spinal chord and brain after stereotaptic injection of cells
in cisterna magna. These cells are mainly accumulated near vessels and in the submeningeal
region retaining an undifferentiated phenotype. We are now deeply characterizing these cells
in order to understand their action. To reach this goal, we are performing immunostainings for
differentiation markers and we are analyzing mRNA expression of the cells integrated at
different level of the spinal chord through microarray analysis of neural tissue.
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Transplantation of Adipose Stem Cells for peripheral nerve repair
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Mesenchymal stem cells (MSC) represent a promising therapeutic approach in nerve
tissue engineering improving functional outcome of peripheral nerve repair. Here we
show that intravenous administration of adipose-derived MSC (ASC) in the sciatic nerve
crush injury, a murine model of acute axonal damage, exerted a beneficial effect in terms
of both functional recovery and nerve regeneration. Clinical evaluation of motor function,
performed by sciatic functional index, showed that injection of ASC significantly improves
functional outcomes for more than 3 weeks. ASC are able to integrate and persist into
injured tissue, and, although they retain an undifferentiated phenotype, to significantly
improve fiber sprouting. In addition, ASC treatment significantly reduces inflammatory
infiltrates acting both on lymphocytes and macrophages.
Besides the immunomodulatory effect, we hypothesize that ASC promote peripheral
nerve regeneration influencing the local micro-environment via their release of
neuroprotective factors as IGF-I, BDNF or bFGF, all trophic molecules known to modulate
peripheral nerve regeneration. In addition to their production in vitro by ASC, we found a
significant increase of tissue concentration of IGF-I, GDNF and BDNF into damaged sciatic
nerves following ASC treatment. In conclusion, we show that ASC have a clear therapeutic
potential in an acute model of axonal damage, promoting nerve regeneration by
modulating the local environment with down-regulation of inflammation and promotion
of axonal regeneration.
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Bovine mammary stem cells: a candidate vector for transgene expression in milk.
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In the bovine species, milk production has been shown to be strongly correlated to mammary
cell numbers. Right after peak lactation, mammary epithelial cells slowly decrease since the
apoptotic rate is slightly higher than proliferation. Most advances in optimizing milk
production have been achieved by genetic selection through breeding and husbandry
practices. A better understanding of the cells that are able to generate mammary tissue may
facilitate improvement in milk production and therefore be of important economic relevance.
We show that clonogenic progenitors can be found in the bovine mammary tissue: when
cultured in suitable conditions these primitive cells generate lineage-restricted colonies that
are characterized by the expression of markers specific for the luminal or myoepithelial cell
population. Even more interestingly, when dissociated bovine mammary cells were embedded
in collagen gels and subsequently transplanted under the kidney capsule of immunodeficient
NOD/SCID mice, organized bilayered structured were detected. Not only these outgrowths are
morphologically similar to mammary alveoli found in bovine tissue, but they also share the
same expression pattern for several proteins, among which cytokeratin 14 (CK14), cytokeratin
18 (CK18), p63, Smooth Muscle Actin (SMA), MUC1 and EpCAM. Moreover this regenerated
alveoli proved to be functional as milk proteins were detected in their lumen when recipient
mice were made pregnant. When these outgrowths were dissociated and cells cultured at
clonal density, the same lineage-restricted colonies generated by the primary mammary cells
were detected along with colonies that displayed a different pattern of expression for the
CK14/CK18 proteins. Colonies containing both luminal and myoepithelial cells or double
positive cells were found.
Several surface antigens have been shown to be differentially expressed in both mouse and
human mammary epithelial subpopulations. Unfortunately antibodies that recognize their
bovine counterpart are scarce. While EpCAM and MUC1 expression has been tested for FACS
analysis, the lack of a suitable antibody to mark the basal subpopulation prevents at the
moment the adoption of antibody-based cell sorting strategies. However we found that stem
cells and myoepithelial progenitors lack Aldehyde Dehydrogenase 1 (ALDH1) activity and
therefore can be enriched using a substrate-based staining procedure coupled with cell
sorting. This population was then infected with a lentiviral vector carrying the human β-CASEIN
gene and subsequently transplanted in recipient mice. Some of the alveoli regenerated in vivo
by these cells were shown to produce and secrete in the lumen the transgenic protein.
Our findings indicate that the bovine mammary gland is organized in a hierarchy that is similar
to the one described in the mouse and human species. Moreover the in vivo production of a
transgene by the regenerated progeny of bovine mammary stem cells represents an important
and innovative first step towards novel milk engineering strategies, which may prove of
relevant commercial interest.
This research has been supported by a CRC 2008 grant.
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In MLC/mIGF1 transgenic model, IGF1 gene is regulated by the promoter of myosin light chain
(MLC) which only in fast fibres produces autocrine IGF1. From the 5th week after birth, these
animals show muscle hypertrophy and a consequent increased muscle strength in respect to
wild type (Musarò et al, Nat Genet. 2001). It is well known that the muscle
reparative/regenerative machinery derives from the recruitment of quiescent satellite cell
pool, strongly influenced by gene activation, age of the subject from which are isolated, and
environment conditions. For these reasons they became a biological marker of the functional
status of skeletal muscle, and could be isolated also from muscle biopsies. The aim of this work
is to verify if the overexpression of IGF1 is able to modify some functional features of satellite
cells during the differentiative process. In particular, we focused our attention on the analyses
of parameters directly involved in excitation-contraction cycle, such as intracellular Ca2+
handling and sarcolemmal electrical properties, and the oxidative status of the cells.
Videoimaging protocols on single cells were used to monitor intracellular calcium variations,
and binding experiments were performed to determine calcium channel levels
(dihydropyridine and ryanodine receptors), Ca2+/Mg2+-ATPase was analyzed by an enzymatic
activity assay (Belia et al, Free Radical Reserch, 2010). The patch clamp technique in whole cell
configuration was used to assay membrane electric properties (Guarnieri et al, Int J Devl
Neurosci, 2009). Catalase, glutathione reductase (GR) and glutathione transferase (GST)
activity were assayed following standardized protocols from Fulle et al (Experimental
Gerontology 2005).
The results showed that the ability of satellite myoblasts to differentiate in vitro into
functionally mature myotube is similar between cells derived from MLC/mIGF1 mice and those
from wild type animals. Interestingly, even if the cell populations derived from the two animal
models, showed similar basal intracellular calcium concentration, the transgenic musclederived satellite cells showed an increased functional DHPR-binding and increased outward
potassium currents in respect to wild-type cells. Moreover, the transgenic satellite cells
appeared differently sensitive to ATP and ACh stimuli, both physiological regulatory factors of
muscle activity. The analyses of the enzymatic activity of the main detoxifying enzymes
(catalase, GR and GST) revealed that the GST activity is reduced in transgenic cells in respect to
wild type ones.
In conclusion, these data showed that in MLC/mIGF1 transgenic muscle there was observed a
modified Ca2+ handling and sarcolemmal electrical properties probably related to a
modification of the oxidative status of the cells. Considering the different animal sources of
these cells it could be postulated that a higher mIGF1 level could influence intracellular
processes involved in the fibre capacity to activate the contractile apparatus.
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Ovine amniotic epithelial cells: in vitro characterization and in vivo xenograft in horses with
superficial digital flexor tendon (SDFT) spontaneous defects.
Muttini, A. (1,3), Barboni, B. (1,3), Russo, V. (1), Berardinelli, P. (1), Valbonetti, L.(1,3), Tosi, U.
(1,3) , Abate, M. (2,3), Mattioli, M. (1)
(1) Department of Comparative Biomedical Sciences, University of Teramo, Teramo, Italy, (2)G.
D’Annunzio Foundation ITAB, Department of Clinical Sciences Of the Bio imaging (2) Stem Tech
Group; e.mail speaker : amuttini@unite.it

Aims: The present study has been performed to evaluate the characteristics of ovine amniotic
epithelial cells (oAECs) and their regenerative properties for xenograft in spontaneous injuries
of equine SDFT. Methods: The oAECs collected from six different fetuses were previously
amplified in vitro and analyzed for the expression patterns of surface and stemness molecular
markers, and for their potential to differentiate in vitro into tenogenic cell lines. oAECs with
stable properties were stained by using the Red Fluorescent Cell Linker PKH 26 and
cryopreserved until pre-clinical or clinical use. Fifteen horses with acute SDFT monolateral core
lesions were selected for inclusion in the clinical study. Tendon lesions were precisely defined
with ultrasound scans. A total of 7 X 106 oAECs in 500µl of αMEM was grafted into the lesion
under ultrasound guidance with the horses standing and with local analgesia. Clinical and
ultrasound controls were performed every thirty days for 4 months. Longest follow-up
information is 26 months. Samples of the SDFT from a died horse were submitted to
histological and immunohistochemical evaluation. Results. oAECs show a very high
proliferation activity during the first three passages, a stable expression profile and a
conserved ability to differentiate into tenocytes. The transplantation procedure was always
well tolerated and did not cause any worsening of the clinical signs. Ten horses were able to
return to their pre-injury activity with good or excellent level of performance, two horses
obtained poor results, two horses had reinjury and one horse died. Ultrasound examinations
showed a progressive increase of the echogenicity of the lesions and a good alignment of
fibers. oAECs were recovered inside the grafted area where newly deposited ovine collagen
type I fibers were found oriented parallel to the long axis of the tendon. The ovine collagen
type I was also found within the cytoplasm of transplanted oAECs (PKH 26 positive). Finally
some PKH 26 positive cells co-localized with endothelial cell marker von Willebrand.
Conclusions oAECs show a high level of plasticity and the ability to be grafted into equine
tendon lesions where they support tissue regeneration directly synthesizing collagen type I and
possibly by a paracrine effect, with good clinical outocome . Practical significance Ovine
amniotic epithelial cells could be considered a good source of stem cells to enhance healing of
spontaneous tendon defects in horses.

36
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Adipose derived stem cells (ADSCs) are stromal cells isolated from lipoaspirates, obtained with
a simple and minimal invasive procedure and with optimal cell yield. Therefore ADSCs
represent an abundant and easily available pool of stem cells for autologous transplantation
and a promise for regenerative medicine (Zuk P. A. et al., Tissue Engineering 2001; 7: 211–
228). Since some studies indicate the potential commitment of ADSCs towards the cardiac
phenotype (Rangappa S. et al., Annals of Thoracic Surgery, 2003; 75: 775-779; Planat-Bénard V.
et al., Circulation, 2004; 109: 656-663), we here evaluated the epigenetic level - including CpG
island DNA methylation and histone modifications - controlling the expression of cardiac
specific transcription factors, such as GATA-4, MEF-2C and Nkx2.5 (Brand T. et al.,
Developmental Biology 2003; 258: 1–194). To this aim, we tested by Methylation Specific PCR
(MSP) their promoter methylation status in undifferentiated human ADSCs. All these
promoters resulted unmethylated, suggesting that these cells are not prevented to
differentiate towards the cardiac phenotype by DNA methylation, that was otherwise reported
for myogenic genes (Sørensen A. L. et al., Molecular Biology of the Cell 2010; 15: 2066-2077).
Although harbouring a hypomethylated CpG island, when evaluated by chromatin
immunoprecipitation (ChIP) cardiac lineage-specific GATA-4 and Nkx2.5 gene promoters
showed trimethylation of Lys27 in histone 3 (H3K27me3), a marker of transcriptionally
repressed chromatin known to be lost only after the induction of differentiation (Bernstein B.
E. et al, Cell 2007; 128: 669-681).
These results suggest that the epigenetic signature of ADSCs represents a level for intervention
to address their differentiation towards the cardiac lineage.

* post-doctoral position open with the financial contribution of INRC
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Phenotipic characterization of normal human colon stem cells
Pastò A. (1) , Marchesi M. (1), Frasson C. (2), Amadori A. (1)
(1) Dept. of Oncology and Surgical Sciences, University of Padova, Italy; IOV-IRCCS, Padova, Via
Gattamelata 64 35128 Padova, egoanna@hotmail.com (2) Hemato-Oncology Laboratory,
Department of Pediatrics, University of Padova, Padova, Italy;e-mail speaker:
egoanna@hotmail.com

OBJECTIVE: Aim of this study is to characterize the phenotypic profile of normal colon stem
cells in order to compare this pattern to that found in colon cancer stem cells taking advantage
of their different proliferative rate compared to non stem cells.
MATERIALS: Normal human colon biopsies were digested, cultured in serum-free medium and
stained with PKH26. Cells were stained for the stemness marker Musashi-1 (Msi-1),
Cytokeratin (CK) 20, CK18, Muc-1 and Ki67 and analyzed through confocal microscopy and
cytofluorimetry.
RESULTS: PKH26 staining allowed to identify two subsets: PKHpos e PKHneg cells. PKHpos cells
showed high PKH intensity, reflecting a slow proliferation rate, whereas PKHneg lost the PKH
dye, due to high proliferation rate. Most PKHpos cells lacked the expression of the
differentiation marker CK20, and 5 0.9% of these cells were Msi-1+. PKHneg were >99.9% Msi1- but Muc-1and CK20 positive. In serum-free conditions, sorted PKHneg cells died rapidly,
whereas PKHpos cells persisted for up to 35 days forming spheroid-like structures,
morphologically comparable to those obtained from tumor colon tissues. In the presence of
serum, PKHpos cells differentiated into epithelial-like cells, and acquired CK20 and Muc-1
expression, while completely loosing Msi-1 expression. Furthermore, thanks to the different
proliferative rate and markers expression, we could identify 4 different cell populations:
PKHhigh/Msi+/CK20- dormant stem-like cells with low Ki67 expression, a subset of
PKHpos/Msi+/CK20+ stem-like cells in active proliferation that had acquired differentiation
markers and expresses high levels of Ki67, PKHlow/CK20+/Msi- actively proliferating cells that
progressively lost PKH staining, eventually differentiating into terminal PKHneg/CK20+/Msicells.
CONCLUSION: So far, the ability to form spheroids is reported for tumor colon samples but not
for normal colon tissues. Here we demonstrate that stem-like cells derived from normal colon
mucosa present this ability and show some specific features of stem cells, such as long lifespan
in the absence of serum, expression of stemness markers, lack of differentiation markers and
ability to differentiate into different cell types. Moreover, thanks to the PKH26 assay, we
identified two stem cell populations: quiescent one and active and proliferating one.
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Gestational diabetes mellitus interferes with the biological characteristics of Wharton's jelly
mesenchymal stem cells.
Pierdomenico L. (1,3,4) , Lanuti P. (1,3,4) , Lachmann R. (1,3) , Cianci E. (3,4) , Romano M.
(2,3,4), Vitacolonna E. (1,3) , Miscia S.(1,2,4) and Marchisio M. (1,2,4).
(1) Department of Medicine and Aging Science (D.M.S.I.), (2) Department of Biomedical
Science, University “G.d’Annunzio” of Chieti-Pescara, Chieti, Italy, (3) Center for Aging Sciences
(Ce.S.I.), “Università G.d’Annunzio” Foundation, Chieti, Italy, (4) StemTeCh Group, Chieti, Italy;
e-mail speaker: l.pierdomenico@unich.it

Recent research indicates that the origin of obesity and related metabolic disorders is not only
caused by genetic and risk factors in adult life (unbalanced diet, insufficient physical activity)
but also may be influenced by the perinatal environment. In addition, studies in animal models
suggest that the mesenchymal stem cell commitment into pre-adipocytes can already occur
during fetal development and perinatal life. Since the number of pre-adipocytes and mature
adipocytes is lower in normal subjects than in obese subjects, changes in the prenatal
maturational process may play a role in the pathogenesis of obesity and metabolic-associated
diseases. Gestational diabetes mellitus is related to an increased risk of obesity, early onset of
metabolic syndrome and type 2 diabetes in the offspring. For this reason it would be useful to
investigate how the perinatal environment may affect fetal mesenchymal stem cells, especially
in deregulated gestational diabetes, where the fetal environment is modified in terms of
hormone levels and nutrition. Therefore, we have compared Wharton’s jelly mesenchymal
stem cells (WJ-MSC) obtained from umbilical cord of both healthy and diabetic mothers, in
order to better understand the mechanisms involved in metabolic diseases in offspring of
gestational diabetic mothers. Results indicate that WJ-MSC from gestational diabetic mothers
display, in contrast to cells from healthy mothers, a higher ability to differentiate towards the
adipogenic lineage. This suggests that the diabetic uterine environment may be responsible for
a “pre-commitment” that could give rise in the post natal life to an alteration of adipocyte
production upon an incorrect diet style, which in turn would produce obesity.
This work was partially supported by Carichieti Foundation, Chieti, Italy
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Induced pluripotent stem cells can be derived successfully from amniotic fluid stem cells.
Pipino C. (1,3),*, Mukherjee S.(2), Shaw S.W. (1), Mostoslavsky G. (4), Pandolfi A. (3) , Thrasher
A. J . (2), David A.L. (5), De Coppi P. (1).
(1)University College London, Institute of Child Health and Great Ormond Street Hospital,
Surgery Unit, London, United Kingdom. (2) Centre for Immunodeficiency, Molecular
Immunology Unit, UCL Institute of Child Health, London WC1N 1EH, UK. (3) Department of
Biomedical Sciences, University ‘G. d'Annunzio’, Aging Research Center, Ce.S.I., ‘G. d'Annunzio’
University Foundation, Stem-TeCh group, Chieti-Pescara, Italy. (4) Department of Medicine at
Boston University, Boston University Center for Regenerative Medicine (CReM). (5)Prenatal
Cell and Gene Therapy Group, Institute for Women’s Health, University College London,
London, WC1E 6HX, UK; e-mail speaker: c.pipino@ucl.ac.uk

Induced pluripotent stem cells (iPS cells) can be successfully derived from adult somatic cells
by the introduction of specific factors. iPS cells, similarly to embryonic stem (ES) cells, express
pluripotency markers, can be differentiated in cells which belong to the three germ layers and,
in a permissive environment, can generate teratomas. Moreover, they may overcome
limitations of ES cells because they can be derived from the patients and do not require
embryo derivation.
However, the low efficiency in their generation and the limited safety of these cells has so far
compromised their use in clinical settings. It was recently demonstrated that the cells derived
from fetal tissue and amniotic fluid are more efficiently reprogrammed to pluripotency than
adult cells. In this study we investigate the possibility of deriving iPS cells from amniotic fluid
stem (AFS) cells. AFS cells in fact already possess a partly pluripotent transcriptional or
epigenetic state which may facilitate and accelerate pluripotency.
We obtained iPS cells from human amniocytes, using a single lentiviral vector expressing the
four transcription factors: OCT4, SOX2, KLF4, C-MYC. Human amniocytes transduced with
lentiviral vector showed a dramatic change in morphology already evident after 5 days postinfection and formed colonies that were expanded and displayed the typical morphology of ES
cell colonies. They expressed pluripotency markers such as AKP, OCT4, SOX2, SSEA4, TRA-1-60
and TRA-1-81.
Moreover, various cells and tissues from all three germ layers are found in embryoid bodies
and teratomas.
Our observations, though are supported by preliminary data, represent a valid approach since
iPS cells from amniocytes cannot only be used to study the dynamics of diseases but also as
systems to screen new drugs. Moreover, iPS cells promise to be good candidates for
regenerative medicine. They permit investigation of prenatal cellular therapy for various
recessive genetic disease and for future patient-specific personalized therapies.
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Expression of neural markers by human mesenchymal stem cells after mesengenic
differentiation
Redondo J.(1) , Foudah D.(1) , Caldara C.(1) , Tredici G.(1) , Miloso M.(1)
(1) Department of Neuroscience and Biomedical Technologies, University of Milano-Bicocca,
Monza; e-mail speaker - j.redondo@campus.unimib.it

AIMS: Mesenchymal Stem Cells (MSCs) are multipotent cells able to differentiate into
mesengenic lineages (osteogenic, adipogenic, condrogenic), but also towards endodermal
(hepatocytes) and ectodermal lineages (various types of neural cells) under appropriate
culture conditions. Considering their promising therapeutic potential for specific settings
particularly for tissue repair and regeneration, the knowledge of MSCs biological properties is
very important to optimize their clinical application.
Our preliminary data demonstrated that a high percentage of undifferentiated human MSCs
(hMSCs) expressed the early neuronal marker III tubulin and the late neuronal marker NeuN
independently from both serum presence and number of culture passages. In order to asses
whether the expression of these markers, known to be neuronal ones, is limited to
undifferentiated hMSCs or might be considered an intrinsic MSC feature, in the present study
we evaluated the expression of III tubulin and NeuN after hMSC differentiation toward
adipogenic, osteogenic and chondrogenic lineages.
METHODS: hMSCs were obtained after patient consensus, from iliac crest bone marrow. The
isolated hMSCs were plastic-adherent and expressed specific surface antigens. After
osteogenic, adipogenic and chondrogenic differentiation we evaluated, by
immunofluorescence experiments, the expression of III tubulin and NeuN at different time
points depending on the differentiation protocol used. hMSCs cultured in absence of any
differentiative agent represented controls.
RESULTS: In our experiments we observed that most of hMSCs differentiated in osteogenic and
adipogenic lineages express III tubulin and NeuN. Unlike, chondrogenic differentiated hMSCs
didn’t express these neuronal markers.
CONCLUSIONS: The expression of III tubulin and NeuN by osteogenic and adipogenic
differentiated hMSCs raises doubts about the reliability of these markers as indicator of
neuronal differentiation, suggesting that their expression could be an intrinsic property of a
wide range of cellular types. Therefore, the results of this study would appear to sound a
warning regarding the use of protein expression as a marker for proving the differentiation of
hMSC towards a neural phenotype. Further studies are necessary to elucidate the biological
role of III tubulin and NeuN in both undifferentiated and differentiated hMSCs.
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Fibroin Scaffold repair critical size bone defects in vivo supported by Human Dental Pulp
Stem Cells
Riccio M .(1) , Maraldi T. (1), Pisciotta A. (1), Resca E. (1) , Motta A. (2), Migliaresi C. (2), De Pol
A. (1)
(1) Department of Laboratories, Pathological Anatomy and Forensic Medicine, University of
Modena and Reggio Emilia, Via Del Pozzo 71, 41100 Modena, Italy. (2) Department of
Materials Engineering and Industrial Technologies, BIOtech Research Center and European
Institute of Excellence on Tissue Engineering and Regenerative Medicine, University of Trento,
Via Mesiano, 77, Trento, Italy. e-mail speaker : massimo.riccio@unimore.it

The main aim of this study is to evaluate potential of fibroin scaffold combined with human
dental pulp stem cells (hDPSC) to reconstruct large sized cranial bone defects in animal model.
We performed two symmetric full-thickness cranial defects on each parietal region of rats and
we replenished them with collagen, poly-D,L-lactic acid (PDLLA) and silk fibroin scaffolds with
or without stem cells already seeded into and addressed towards osteogenic lineage in vitro.
Animals were euthanized after 4 weeks postoperatively and cranial tissue samples were taken
for histological analysis. The presence of human cells in the new bone was confirmed by
confocal analysis with an antibody directed to a human mitochondrial protein. We observed a
mature bone formation and the most relevant defect correction in constructs with fibroin. Our
findings demonstrated the strong potential of bioengineered constructs of stem cell-fibroin
scaffold for correcting large cranial defects in animal model and constitute a promising model
for reconstruction of human large cranial defects in craniofacial surgery.
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cGMP-compliant isolation, expansion and quality testing of human bone marrow-derived
mesenchymal stem cells
Romagnoli L. (1) , Giuntini I. (1) , Galgano M.(1) , Crosta C.(1) , Lucarelli E.(1) , Donati D.(1) ,
Cavenaghi L.(1) , Nolli M. L. (1).
(1) Areta International, Via R. Lepetit 34, 21040 Gerenzano (VA), Italy; e-mail speaker lromagnoli@aretaint.com

The manufacturing of mesenchymal stem cells lots for clinical trials poses new challenges that
goes beyond the field of cell biology. The safety, identity and sterility of the final dose are
properties that have to be constructed together with the product using robust and validated
procedures under a quality system. Here we describe a process for the isolation, expansion
and quality testing of human mesenchymal stem cells from bone marrow, using GMPcompliant reagents. All manipulation steps were performed in a high-containment cell culture
facility, in biohazard cabinets inside a B-class environment. Mesenchymal stem cells were
isolated from the bone marrow by gradient centrifugation and expanded in flasks up to about
108. Environmental monitoring was performed at all times during cell manipulation to test the
conditions of the room and the operators before, during and after operations. In order to test
the genetic stability of the cells cultured under these conditions we performed chromosome
banding and kariotype analysis after every passage in culture. We routinely found that the cells
at the end of the expansion protocol were not affected by any genomic mutation. Surface
markers CD45, CD90, CD105 were measured at the beginning and at the end of expansion and
their expression levels were consistently found to be unaltered by the culture conditions. No
evidence of cell differentiation was found after three passages in the culture medium. The
sterility of the final product was tested on a sample collected from the final harvest and was
also assured by three media fill simulations using bacterial culture medium under purposely
stressed environmental conditions. The shipment of the cells to the hospital was validated
using a certified courier and data-loggers to record the temperature of the package
throughout the travel. This work represent our approach to bring a straightforward and
apparently easy process such as a cell expansion inside a cGMP-compliant framework, in order
to be able to provide a safe, controlled and reproducible product for clinical trial
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Tendon healing induced by allotransplanted ovine ephitelial amniotic cells
Russo V. (1)*, Muttini A. (2)*, Valbonetti L. (2)*, Curini V. (3)*, Turriani M. (3)*, Di Giacinto O.
(1), Cocciolone D. (1), Colosimo A. (4), Berardinelli P.(1), Martelli A. (1), Mauro A. (1)*, Bernabò
N. (3), Mattioli M. (3)*, Barboni B.(3)*.
Dipartimento di Scienze Biomediche Comparate, Università degli Studi di Teramo. (1)Sezione di
Anatomia Normale, (2)Sezione di Clinica Chirurgica Veterinaria, (3) Sezione di Fisiologia
Veterinaria, (4) Sezione di Genetica Molecolare; *StemTeCh Group; e-mail speaker :
vrusso@unite.it
The role of tendons is to transfer muscular forces to bone allowing body movements. Tendons
are constantly exposed to mechanical loads predisposing them to acute injuries (e.g. sports
activities) or chronic overuse. Although spontaneous healing can occur, more often
inflammatory or degenerative diseases result in scar, thus, compromising tendon
biomechanical properties. Since poor clinical outcome is related to the limited regenerative
capacity of tendons, growing interest is addressed to stem cell-based therapy. An emerging
source of stem cells is represented by amniotic epithelial cells (AEC) that for their high
plasticity and unique hypoimmunogenic properties could be advantageously used also in
allotransplantation settings. This research has been designed to assess whether AEC can be
used to improve tissue healing. To this aim, AEC isolated from the epithelial layer of amniotic
membranes of 2-3 month old fetuses, expressing specific stemness markers (CD14-, CD31-,
CD45-, CD58-, CD49f-, CD29, CD166, OCT 4, Sox 2, Nanog, TERT), were allotransplanted into
experimentally induced defects of Achille’s tendon by using a large animal model, the sheep,
that has a great potential for translational research for its weight, size and joint–ligament
structures. AEC (1x106 cells/animals) marked with the fluorescent vital cell linker dye, PKH26,
were sospended in fibrin glue (Tissucol) and then implanted into surgically induced tendon
defects (3mm in diameter and depth) of 20 sheep under general anesthesia). Contra-lateral
tendon lesions used as control (CTR) received only fibrin glue. Tissue regeneration was
monitored after 15 and 30 days (d) by evaluating the process of matrix remodeling and
biomechanical properties of explanted tendons isolated after euthanasia. Tissue
microarchitecture (HE and Herovici staining) revealed a more rapid tissue organization in AEC
treated tendons, where abundant and oriented fibers were visible already after 15d differently
from CTR. Immunohistochemistry confirmed that extracellular matrix remodeling was more
rapid in AEC treated tendons, where, after 30d, immature fibers (COLIII) were completely
replaced by mature ones (COLI). Higher COLI expression was then confirmed by RT-PCR carried
out on mRNA extracted from defect sites by laser-capture micro-dissection. Moreover,
statistical analysis showed that AEC treated tissues exhibited a prompt recovery with a
cellularity, vascular area and CD45 positive cell infiltration similar to those of healthy tendons
and lower than CTR. AEC (PKH26 positive) could be found either at 15 or 30d, mainly localized
at the periphery of the healing area: some of these cells were in mitosis (Ki67 positive), a low
percentage (20%) expressed CD45 (phagocitated PKH26 cells) and, most interestingly, the cells
closer to the site of transition from the healing to the healthy tendon were fusiform shaped
and entrapped within newly deposited fibers. Moreover, these cells expressed COLI thus
showing a direct involvement of transplanted AEC in the regenerative process. Finally,
biomechanical test demonstrated that AEC treatment improved the recovery of mechanical
properties with a maximum failure load and stiffness 2 and 1,5 times higher, respectively, than
CTR. These results demonstrate, for the first time, that allotrasplanted AEC can be used to
improve tendon healing.
This study was supported by the Tercas Foundation (Italy)

44

Adult Renal Stem/Progenitor Cells Revert Acute Renal Tubular Cells Injury by means of
Paracrine Factors.
Sallustio F. (1,2) –Costantino V. (1) - Cox S. (1) - Loverre A. (1) - Schena F. P. (1,2)
(1) Department of Emergency and Organ Transplantation, University of Bari, Italy. (2)
C.A.R.S.O. Consortium, Valenzano (Ba), Italy. e-mail speaker – f.sallustio@nephro.uniba.it

Acute kidney injury (AKI) is emerging as a public health problem worldwide. Its prevalence
varies from 5% of all hospitalized patients to 30 - 50% in critical care units. Acute tubular
apoptosis and necrosis play a central role in the process underlying kidney failure after
ischemic or nephrotoxic challenge. Depending on the severity and the duration of the insult,
tubular damage may recover, although a critical number of surviving cells is required to
reconstitute structural integrity. Several reports claimed a role of adult mesenchymal stem
cells in the repopulation of tubules as a consequence of physiologic cell turnover or after AKI.
Recent studies showed that contribution of extra-renal stem cells is less important than
resident ones. In particular, many researchers focused their attention on the possibility of
using adult renal progenitor cells (ARPC) to improve regeneration in AKI. We studied the
influence of ARPC on the regenerative process of cisplatin-injured renal proximal tubular
epithelial cells (RPTEC) or Human Kidney 2 (HK2) cells. We set up an in vitro model of cisplatininduced toxicity, in which RPTEC were exposed to 2.5 μM cisplatin for 6 h, to simulate an
acute chemical insult. Then, damaged cells were co-coltured with ARPC for 1, 4 and 7 days.
Exposure of RPTEC or HK2 to cisplatin markedly reduced cell number and their viability, but coculture with ARPC provided a protective effect by promoting tubular cell proliferation and
inhibiting apoptosis. To confirm that the ARPC regenerative effect was principally due to
paracrine factors we investigated the regenerative function of surnatants pre-conditioned by
co-colture in the damage model. Surnatants derived from 1 day of co-colture led to an increase
of cisplatin-pretreated RPTEC proliferation. Moreover we showed, by means of wound-healing
assays, that ARPC had regenerative capacity on RPTEC even after induction of a physical
damage. To study the nature of regenerative factors secreted by ARPC, we performed a
bioinformatic analysis starting from our previous data on ARPC gene expression profile
(Sallustio et al. Faseb J., 2010) and we selected 15 genes codifying for cytokines and growth
factors secreted in the extracellular space. We checked the presence of these molecules in the
co-cultures supernatants by multiplex cytokine assays, identifying two factors essential for
ARPC regeneration. Taken together, these in vitro results showed that ARPC exert a
regenerative effect on damaged tubular cells by producing molecules that have an important
paracrine action in the complex process of kidney regeneration.
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Molecular characterization of a homogeneous population of pacemaker myocytes derived
from mouse embryonic stem cells
Scavone A. (1) , Zoia S. (1), Masetti M.(1), Muletti T. (1), Pandolfi L.(1), Baruscotti M. (1),
Di Francesco D. (1), Barbuti A. (1).
(1) Department of Biomolecular Sciences and Biotechnology, The PaceLab, University of Milan,
Italy; e-mail address: angela.scavone@unimi.it
The sinoatrial node (SAN), the natural pacemaker of the heart, plays an important role in
cardiac physiology and indeed, impairment of SAN function due to ageing or diseases leads to
life-threatening rhythm disturbances. Stem cell-based regenerative interventions may
represent the future in the cure of those rhythm disorders that, at present, require
implantation of electronic devices as the only possible treatment. So far, the only stem cells
shown to differentiate into functional pacemaker myocytes are pluripotent stem cells such as
embryonic stem cells (ESC). Data in the literature have shown that the adhesion molecule
CD166 is specifically but transiently expressed in some regions of the developing heart
including the sinus venosus, the prospective SAN, and can be used to enrich human ESCs in
cardiomyocytes. We explored the possibility to use CD166 as a marker to isolate progenitors of
pacemaker myocytes. We induced the differentiation of ESCs through the formation of
Embryoid Bodies (EBs). EBs at day 8 of differentiation were dissociated into single cells, which
were then labeled with an anti-CD166 antibody and sorted by flow cytometry. Quantitative
PCR and immunofluorescence analyses were carried out to verify the expression of
pluripotency and of cardiac/pacemaker genes in CD166+ cells. Real time PCR analysis showed
that CD166+ do not express pluripotent genes (Oct4, Nanog) indicating the loss of the
teratogenic potential characterizing undifferentiated ES cells, while express high levels of
cardiac genes such as cTnI, α-actinin and Mef2c. CD166+ cells express also high levels of Isl1,
Shox2, and Tbx18, transcriptional factors involved in the development of SAN, and high levels
of HCN4, HCN1 and ssTnI, typical markers of mature SAN myocytes. CD166+ cells express
instead low levels of the ventricular genes Nkx2.5, HCN2 and Cx43. To verify phenotype
stability of CD166+ cells, the same analysis was carried out >3 weeks after the sorting
procedure and the data confirmed that these cells preserve their panel of pacemaker genes.
Immunofluorescence analysis showed that a high percentage of CD166+ cells stain positive for
alfa-actinin. Furthermore, after 4 weeks in culture, CD166+ cells co-expressed the muscle
marker Caveolin 3 and HCN4, a feature typical of native adult pacemaker cells. In conclusion,
these results demonstrate that the marker CD166 can be used to separate from embryonic
stem cells a population of cells with the molecular properties of pacemaker myocytes.
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Effects of human mesenchymal stem cell transplantation on pain-like behaviours, cellular
and biomolecular modifications in neuropathic mice.
Siniscalco D.(1)– Giordano C. (1) - Galderisi U. (2) - Luongo L. (1) - de Novellis V. (1)- Rossi F.
(1), Maione S. (1)
Department of Experimental Medicine, (1) Division of Pharmacology “L. Donatelli”, (2) Division
of Biotechnology and Molecular Biology “A. Cascino”, Second University of Naples, Italy; email speaker - dariosin@uab.edu
Background. Neuropathic pain (NP) is an incurable disease arised by a primary lesion in the
nervous system.
Methods. We investigated, trough biomolecular and immunohistochemical methods, the
effect of human mesenchymal stem cells (hMSCs) local or systemic transplantation on
neuropathic pain relief. We used spared nerve injury (SNI) model of neuropathic pain in
mouse. Human MSCs were transplanted in the cerebral ventricle or in the tail vein of
neuropathic mice. Stem cells injection was performed 4 days after sciatic nerve surgery.
Neuropathic mice were monitored every 10 days starting from day 11 until 90 days after
surgery.
Results. Human MSCs were able to reduce pain like behaviours, such as mechanical allodynia
and thermal hyperalgesia, once injected both in the cerebral lateral ventricle or in the tail vein.
Anti-nociceptive effect was detectable from day 11 after surgery (7 days post cell injection).
Human MSCs were mainly able to home in spinal cord and pre-frontal cortex of neuropathic
mice. Systematically injected hMSCs reduced the protein levels of the mouse pro-inflammatory
interleukin IL-1ß and IL-17, and increased the protein levels of the mouse anti-inflammatory
interleukin IL-10, as well as the marker of alternatively activated macrophages CD106 in spinal
cord of SNI mice.
Conclusions. As possible mechanism of action of hMSCs in reducing pain, we suggest that
hMSCs could exert their beneficial action through a restorative mechanism involving: i) cell-tocell contact activation mechanism, through which spinal cord homed hMSCs are responsible to
switch pro-inflammatory macrophages to anti-inflammatory macrophages; ii) secretion of a
broad spectrum of molecules to communicate to other cell types.
This study will give novel findings in MSC pre-clinical biology and in their therapeutic potential
in regenerative medicine.

47

Stem-like phenotype in floating spherical cell colonies from human adenocarcinoma of the
lung.
Tesei A. (1), Arienti C. (1), Paganelli G. (1), Pasini A. (2),*, Brigliadori G. (1), Calistri D. (1),
Giordano E. (2), Zoli W. (1)
(1) Biosciences Laboratory, Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori
(I.R.S.T.), Meldola (FC), Italy. (2) Laboratory of Cellular and Molecular Engineering – University
of Bologna, Campus of Cesena – Cesena (FC), Italy; e-mail speaker: anna.tesei@irst.emr.it

Tissue stem cells have been identified in rapidly renewing tissues, such as skin, colon and bone
marrow. Similarly, there is growing evidence that tumor growth depends upon a small cell
subset of so-called cancer stem cells (CSCc) or tumor-initiating cells (TICs), sharing the feature
of self-renewal with normal stem cells. Our group recently showed strong evidence that a
subset of normal lung epithelial-specific stem cells may exist within bronchoalveolar duct
junction (Tesei A., et al. Cell Proliferation 2009; 42: 298-398). In the present work, we aimed to
isolate and characterize CSCc/TICs obtained from a human adenocarcinoma cell line originally
established at the Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori (IRST) at
Meldola (Gasperi-Campani A., et al., Cancer Genetics and Cytogenetics 1998; 107:11–20) and
from human surgical tissue samples. Single-cell suspensions obtained from the
adenocarcinoma cell line were cultured in ultralow attachment plates in serum-free medium
while cancerous lung tissue specimens, derived from patients affected by different stage lung
adenocarcinoma, were mechanically and enzymatically dissociated before expansion in in vitro
culture. The nature of the cell clusters was established by evaluating stem cell regulatory genes
with RT-PCR and by Real Time RT-PCR. After about 10 days, single-cell suspensions gave rise to
floating spherical colonies. In particular the tumor lung-spheres obtained by our established
lung adenocarcinoma line RAL, resulted enriched in CD133 and OCT-3/4 transcripts. RT-PCR
analysis of tumor spheres obtained from surgical tissue specimens showed a higher expression
of BCRP-1, CD133, BMI-1, OCT-3/4, Lef-1, CD44 and Slug, when compared to original tissue.
Notably, a gradual loss of CD133 expression was evident as the tumors become more
undifferentiated. In conclusion, preliminary profiling of lung adenocarcinoma cells expanded as
sphere-like aggregates, showed a higher expression of several genes involved in stemness that
could be exploited as potential target in the clinical treatment of lung cancer.
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Periodontal Ligament-Derived Stem Cells: Achieving Regenerative Potential.
Vecchiatini R. (1,2), Penolazzi L. (2), Torreggiani E. (2), Lambertini E. (2), Nastruzzi C. (3), Calura
G. (1), Piva R. (2)
(1) Medico-Surgical Disciplines of Communication and Behaviour Department , Dental Clinic.
University of Ferrara - Italy ; (2) Biochemistry and Molecular Biology , University of Ferrara; email speaker: vccrnt@unife.it

Background: Periodontitis diseases are characterised by destruction of tooth supporting tissue,
like periodontium, cementum, alveolar bone. Regeneration of these tissues is the goal of
periodontal therapy. It could be based on combining mesenchymal stem cells to biomaterials,
with particular attention to the the promising cell population within the periodontal ligament
(PDL), the PDL mesenchymal stem cells (PDLMSCs) fraction.
Objective: The principal aim is to evaluate PDLMSCs’ viability, proliferation and osteogenic
potential when cultured in different experimental conditions.
Materials and Methods: PDLMSCs were obtained from healthy patients undergoing to
impacted third molar extraction after verbal consent. After washing with sterile phosphatebuffered saline, PDL was removed, plated onto 25-cm2 flask, expandend in Dulbecco’s
Modified Medium supplemented with 10% fetal calf serum. PDLMSCs were tested for MSC
markers (CD 90; Stro-1) and then committed to osteogenic differentiation. PDLMSCs were then
embedded in 3-D culture systems (alginate beads; microgravity system), analyzed in terms of
viability, enhancement of osteogenic potential and effectiveness of phenotype modulation.
Scratch wound-healing assay was also performed. Osteogenic potential was valuated by
mineral matrix deposition and expression of specific markers including Runx2 and BSP.
Results: i) PDLMSCs showed osteogenic potential in all culture conditions; ii) PDLMSCs can be
efficiently maintained in 3-D systems; iii) 3-D system increased osteogenic potential of the
cells; iiii) PDLMSCs motility could be influenced by gene silencing strategies.
Conclusions: i) PDLMSCs are good candidate for PDL tissue regeneration; ii) PDLMSCs
differentiation toward osteogenic lineage can be enhanced before in vivo transplant through
specific culture conditions and strategies.
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Improvement of the clonogenic assay by using a CD34 + cell count-based seeding method in
cord blood banking.
Bonfini T.(1) , Villanova I.(1) , Liberatore E. (1) , Paolucci L.(1) , Di Marzio I.(1) , Brattelli A.(1) ,
Riccioni S. (1), Iacone A.(1).
(1) Pescara Cord Blood Bank, Department of Transfusion Medicine, ‘S. Spirito’ Hospital Pescara. StemTech group;e-mail speaker : villanov@tiscali.it
Background. Umbilical cord blood (UCB) is increasingly being utilized for hematopietic
transplantation (UCBT). However, both delayed engraftment and graft failure remain major
obstacles to the overall success of UCBT. While nucleated cell (NC) and CD34+ cell doses per kg
of recipient body weight are commonly emphasized, several authors have demonstrated a
stronger relationship between the Colony Forming Unit (CFU) dose and the engraftment.
However, the CFU assay is labor and time consuming and shows a high degree of overall
variability and poor interlaboratory reproducibility. Aim of the study. The aim of our study was
to standardize and optimize the CFU assay by means of validation studies to obtain consistency
in the results and to guarantee a careful evaluation of the graft progenitor content in the
UCBT. Materials and methods. CBUs were evaluated for NC count, CD 34+ cells and CFU assays.
A CFU assay was performed in duplicate, in 35 mm Petri dishes using commercial
methylcellulose medium containing recombinant cytokines (Methocult GF H4434 Stem Cell
Technologies Inc.,Vancouver, Canada). A volumetric seeding method was adopted (2 or 4 l
per plate, according to the NC concentration of the samples). At first we compared a range of
NC between 40x104 and 80x104 per plate (method 1) versus a lower number of NC, ranging
between 20x104 and 40x104 per plate (method 2). According to the results obtained, we
considered a second step of optimization comparing the cell concentration of method 2 to a
seeding method based on CD34+ cell count. Then, a number of CD34+ cells between 80 and
150 was seeded (method 3). Results. To evaluate consistency of results, we considered:
number of CFUs/plate, percentage of intrassay variation between the two plates CFUs
(coefficient of variation, CV), percentage of plates with a CV score >10%, percentage of
underplating (<20 CFUs/plate) and overplating (> more than 100 CFUs/plate) and CD34+/CFU
ml correlation. Results. Results are shown in the following table.

Method

N. of
CFUs/plate

79,5

% of
intrassay CV

(18-236)

(0-14,4)

46,75

3,3 %

(3,5-151,5)
62
3
(43-93)

% of
Underplating

% of
Overplating

4%

1%

34%

2,4 %

1

2

% of
intrassay
CV>10%

R=0,803
P=0,000
R=0,831
16%

7%

10%
P=0,000

(0-21)
3,3%
(0-9,43)

CD34+
/CFU

R= 0,957
0

0

0
P= 0,000

Conclusions: the CD34+ seeding technique improved the clonogenic assay by eliminating cell numbers
related intrassay variability and underplating and overplating. In addition CD34+/CFU correlation
improved. These results have practical implications, contributing to fulfilling the demand of a quality
assurance system in UCBT.
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Brassica vegetables are attracting a great deal of attention as healthy foods because of the fact
that they contain substantial amounts of secondary metabolite glucosinolates that are
converted into isothiocyanates, such as sulforaphane *(−)1-isothiocyanato-4R-(methylsulfinyl)butane] (R-SFN),
through the actions of chopping or chewing the vegetables. Several studies have analyzed the
biological and molecular mechanisms of the anti-cancer activity of synthetic R,S-sulforaphane,
which is thought to be a result of its antioxidant properties and its ability to inhibit histone
deacetylase enzymes (HDAC). Few studies have addressed the possible antioxidant effects of
RSFN, which could protect cells from the free radical damage that strongly contribute to aging.
Moreover, little is known about the effect of R-SFN on stem cells whose longevity is implicated
in human aging. We evaluated the effects of R-SFN on the biology on human mesenchymal
stem cells (MSCs), which, in addition to their ability to differentiate into mesenchymal tissues,
support hematopoiesis, and contribute to the homeostatic maintenance of many organs and
tissues. Our investigation found evidence that low doses of R-SFN promote MSCs proliferation
and protect them from apoptosis and senescence, while higher doses have a cytotoxic effect,
leading to the induction of cell cycle arrest, programmed cell death and senescence. The
beneficial effects of RSFN may be ascribed to its antioxidant properties, which were observed
when MSC cultures were incubated with low doses of R-SFN. Its cytotoxic effects, which were
observed after treating MSCs with high doses of R-SFN, could be attributed to its HDAC
inhibitory activity. In summary, we found that R-SFN, like many other dietary
supplements,exhibits a hormetic behavior;it is able to induce biologically opposite effects at
different doses
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