Facolta di Medicina e Chirurgia INTERNAZIONALE
MENARINI

Native and Induced
Pluripotent Stem Cell Standardization

March 19-21, 2012, Florence, ltaly

Organized by:

River Publishers

%

DISPUTATIONES

EEEEEEEEEEEEEEEE

PROGRAM

Chiostro del Maglio
Via Venezia, 5 — 50121 Florence (Italy)



March 19, 2012
Dear Speakers, dear Participants,

On behalf of the Executive Committee of the Worlgshembryonic Stem Cell Standardization” to
be held inFlorence, Italy, onMarch 19-21, 2012it is our great pleasure to invite you to papate
in the Event. This Workshop has been organizediéw wof the potential exploitation of the
embryonic stem cell and, above all, iPS technolmgindustry and clinical medicine.

The failure so far experienced in applying stenhteghnology to repair parenchymal organs can be
ascribed to the lack of sufficient knowledge onibasechanisms, but also to the absence of
standardized criteria and protocols. Very ofterchekaboratory follows its own “recipe”, using
arbitrary nomenclature and non comparable, if rmtfesing, experimental protocols. All this
makes it difficult to learn from the others andjmahtely, hampers the progression of knowledge on
stem cell behavior and applicability.

The ambitious goal of this meeting is to gather thest innovative and scientifically robust

knowledge and technologies on stem cells and irvatvestigators from academic, public and
private Research Institutions and Industry in foiatinog recommendations to standardize the
isolation and manipulation of stem cells using da@nd well-documented knowledge rather than
fragmentary and often unrepeatable experimentalrtep

This is the Third meeting of a series of events edrfDisputationes”. This is a latin word for
“Discussions, Disputes”. In fact, we invite theeaiiees to discuss and argue on very hot topics and
mark the progress in the knowledge and technoldgyspecific field. “Disputationes” has also an
historical significance: centuries ago, like nowhem the scientific method was at its beginning,
scholars used to discuss their opinions in publents, in duel-like debates.

Our kindest regards,

Sergis Ghoeccsl Ao R&Luf

Sergio Capaccioli, PhD Paolo @irtb, MD
President AIT ONLUS Head LCMC
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GENERAL INFORMATION
CONGRESS VENUE

Chiostro del Maglio
Via Venezia, 5 — 50121 Florence (Italy)
Tel./Fax 0039 055/496803

A brief description of the congress venue:

This historic site is an ancient convent and thedwaglio” indicates the ancient game practiced
in late Renaissance, which consisted in strikingran ball with a long hammer towards a target.
The church, which nowadays is used as “Aula Magn&in room), was built at the end of the XIlI
century and is decorated with frescoes by Giot&chool. Its structure is strangely modern: thin
columns support the whole building, and were appted by Vasari.

The cloister was built more recently than the cotvand it was classified as “not concluded”.
Actually, the south east side of the cloister ispresent and since 1924 it is replaced by antiartis
wrought iron gate, which symbolizes both the glemyd the pain of medical duties in war.
In 1865 this building was used as a barracks falialt Bersaglieri, then in 1882 it became the
Italian Army Medical School. Since 1998, Medicahtquarters are located in this building. In the
garden you can find the important bronze memorialArigo Minerbi dedicated to Medical
Doctors victim of wars.

ORGANISING SECRETARIAT

0)(®;

O.l.C. Srl

Organizzazione Internazionale Congressi
Viale G. Matteotti, 7 — 50121 Florence (Italy)
Tel. 0039/055/50351 — Fax 0039/055/5001912
reservations@oic.it

WWW.OiC.it

The organising secretariat desk is located at @oiagel Maglio near to the meeting room (Aula
Magna) and is open according to the following scihed

Monday, March 19 10.00-18.30
Tuesday, March 20 8.30-19.00
Wednesday, March 21 8.30-13.30

REGISTRATION FEES

Quotations in EUR€ By 15/02/2012 After 15/02/2012
VAT included and on site
Participant € 250,00 € 300,00
Student * € 100,00 € 125,00
Welcome Dinner € 50,00 € 50,00

*Copy of course certificate or chief letter is nssary.



The registration fees include:

* access to the scientific sessions;
* congress Kkit;

» certificate of participation;

* personalised name badge;

» programme and abstract book;

* coffee breaks

» working lunch on March 20.

CONGRESS NAME BADGE

A personalised name badge is included in the cesgké for all registered participants to be
collected at the secretariat desk upon arrival @iceg to the official opening times before the
congress start. Participants are required to weabadge during the scientific sessions and at all
times for security reasons as this is an officatuinent and proof of registration.

WELCOME DINNER — HARRY's BAR FIRENZE on Tuesday, March 20 at 20.30

Dinner reservations are accepted first-come-fiest«sd basis due to space limits, participants are
required to check availability at the SecretariasBin the congress venue by March 20 at 12.00 at
the latest.

Short description of the restaurant: since 1953ryaBar has been one of the most famous
restaurants in the world. Today, the style thatenafamous continues to both fascinate and deligh.
The impeccable service, the newly interpreted disilighe excellent cuisine, a wine cellar offering
the best selections and the American Bar maketting sf Harry's Bar legendary. The elegant
ambiance, enhanced by the light of the exclusiveavao art glass lamps provides a perfect meeting
place to enjoy the special Bellini cocktail or dicleus cup of coffee. The magnificent terrace,
overlooking the Arno river with the Ponte Vecchiothe background, is a wonderful spot to admire
a beautiful Florence sunset.

The most suggestive way to reach Harry's Bak short stroll along the Arno river...

Reaching the Harry's Bar is very easy and fascigaComing from the Uffizi Gallery and Ponte
Vecchio keep walking along Lungarno Acciaiuoli, lgamno Corsini and once you have crossed
Piazza Goldoni you get to the Harry's Bar (addtesgyarno Amerigo Vespucci, 22 Firenze)



SLIDE CENTRE

A computerised slide centre for the managementllo$cgentific presentations is located in the
meeting room (Aula Magna) and available for speskerrehearse and upload their presentations
according to the following schedule:

Monday, March 19 13.00-18.30
Tuesday, March 20 8.30-19.00
Wednesday, March 21 8.30-13.30

Speakers are invited to strictly follow the alloktitmes for a smooth flow of the scientific session
Computer projection only is available,no slide projector is at disposal in the meetogm and it

is not possible to use personal laptops at theupedi he management of the scientific projections
is guaranteed by this single computerised systehautomatically forwards each presentation to
the podium and on the main screen. Speakers atéykiequested to use PowerPoint for windows
(XP version). Those speakers with PowerPoint ptasens on CD Rom or USB pens must go to
the slide centre at least one hour before presentaheanwhile those with presentations on their
own laptop and/or using Macintosh/Apple at leasi twurs before presentation in order to convert
the files into windows format and/or download themthe slide system.

COFFEE BREAKS AND WORKING LUNCH

During the congress coffee breaks and a workingHuare scheduled according to the official
programme. The catering area is located near tomtheting room (Aula Magna) and to the
secretariat desk.

EXHIBITION AREA

During the congress an exhibition display of thedainstruments and technologies in the field is
held near to the catering area, where participaate the opportunity to meet the representatives of
the following companiesCARL ZEISS SpA, M-MEDICAL Srl, MILTENYI BIOTEC Srl.

POSTER AREA

The poster area is located near to the catering angl to the secretariat desk, where tape is
available for fixing the posters to the boards.t®@smust be 70cm wide and 100cm high, the title
and names of the authors must be included in hsitte of the posters.

On March 19 from 8.30 to 12.00 presenters mudiixposters on the assigned boards.

On March 21 posters must be removed from 11.003t001 the posters left on the baords after
13.00 will be disposed of.

On March 20 during the working lunch (13.30-14.3@¢senters are required to wear the name
badge and to stay close to the assigned postedstmreply to the questions by the participants.

No poster discussion is scheduled in the meetiogiro

The registration is absolutely necessary to hawesscto the congress venue and to present the
poster.

CLOAKROOM
During the congress coats and luggage can beneiniunattended room near to the secretariat
desk. The organising secretariat can not be hadtddlifor this area.



TRANSPORTATION TO THE CONGRESS VENUE
The congress venue is located near to Florenceriusk city centre, walking distance from the
main railway station of Santa Maria Novella and triastels reserved by the organising secretariat.

By plane

From Florence airport the congress venue is abBt&OLminutes by taxi or by bus (Ataf-Sita bus
service “Vola-in-bus”, main stop at the railwaytsia of Santa Maria Novella with departures
every 30 minutes).

For bus informationvww.ataf.net

For taxi reservation dial 055/4242 or 055/4798.

For taxi informationvww.radiotaxifirenze.it

By train

The most confortable railway station is Santa Makiwella, located downtown at about 15 minutes
walking distance from the congress venue.

For train informatiorwww.trenitalia.com

By car

From North exit Firenze Nord, follow directions for the citgntre “Centro”.

From Southexit Firenze Sud, follow directions for the cagntre “Centro”.

For maps and routeswvw.viamichelin.it

Near to the congress venue different fee parkitggdce available for delegates to park their cars.

The organisers can not be held liable for accidemtsnishaps that may occur to participants or to
their accompanying persons during the congresssoa gesult of it, therefore a personal insurance
is recommended for all participants according te tisual National procedures in each country of
origin.

According to the strict Italian law smoking is noérmitted in any area of the congress venue,
except for the external cloister under the arches.

Participants are kindly requested to switch off thebile phones in the main room during the
scientific sessions.
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PROGRAM

Monday, March 19

13.30 — 15.00 Registration

15.00 — 15.30 OPEN CEREMONY

15.30 — 18.10 SESSION 1: EMBRYONIC AND INDUCED PLURPOTENT STEM CELLS (1)

CHAIRPERSONS: Hans-Werner Denker (Universitat Duidurg-Essen, Germany) -
Mariusz Z. Ratajczak (University of Louisville, USA)

15.30 — 16.0Ciorella Altruda (University of Torino, Italy) - Germline cell-dered pluripotent stem cells:
factors controlling transdifferentiation and potehapplications in animal models of disease

16.00 — 16.30Jose Cibelli (Michigan State University, USA and LARCel, Spain)Reprogrammed
transcriptome in rhesus-bovine interspecies sonsatiauclear transfer embryos

16.30 — 16.50 COFFEE BREAK

16.50 — 17.2MMassimo De Felici(University of Rome “Tor Vergata”, Italy) - Genéian of oocytes from
stem cells: a biological view

17.20 — 17.5@raham C. Parker (Wayne State University, USA) - How best to adwaneurodegenerative
research using pluripotent stem cells

17.50 — 18.10 DISPUTATIO
Tuesday, March 20
9.30 — 11.20 SESSION 2: EMBRYONIC AND INDUCED PLURPOTENT STEM CELLS (Il)

CHAIRPERSONS: Anne L. Plant (National Institute of Standards and Technology, USA} Massimo
De Felici (University of Rome “Tor Vergata”, Italy)

9.30 — 10.0aMarco Onorati (University of Milano, Italy) - Developmentally oadinated extrinsic signals
drive human pluripotent stem cell differentiatimwards fully functional DARPP-32+ medium-sized spin
neurons

10.00 — 10.3Meil J. Harrison (The University of Sheffield, UK) - Culture adatiten of human ES cells —
evolutionin vitro

10.30 — 11.0Paola Rebuzzini(University of Pavia, Italy) - Genomic stability mouse embryonic stem
cells aftery-rays treatment

11.00 — 11.20 DISPUTATIO

11.20 - 11.40 COFFEE BREAK
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11.40 - 13.30 SESSION 3 - PHYSICAL FACTORS AND STENCELLS

CHAIRPERSONS: Paolo Di Nardo (University of Rome “Tor Vergata”, Italy) - Neil J. Harrison (The
University of Sheffield, UK)

11.40 - 12.10Masahiro Kino-Oka (Osaka University, Japan) - Manufacturing of caltsl tissues based on
flexible Modular Platform

12.10 — 12.4Monica Monici (Laboratorio Congiunto ASAcampus, and UniversityFlmrence, Italy) - The
role of physical factors in stem cell differenttatiand tissue engineering

12.40 — 13.1Murli Dhar Tiwari (University of Delhi, India) - Adhesion or anti laesion? What is the
significance of stem cell antigen CD34 in hematepoibiology?

13.10 - 13.30 DISPUTATIO
13.30 — 14.30 LUNCH AND POSTER SESSION
14.30 — 16.20 SESSION 4 - ETHICAL AND LEGAL ASPECT3N STEM CELL RESEARCH

CHAIRPERSONS: Jose Cibelli (Michigan State Univerdiy, USA and LARCel, Spain)- Graham C.
Parker (Wayne State University, USA)

14.30 — 15.0Hans-Werner Denker (University of Duisburg-Essen, Germany) - A quiest redefining
stem cell induction strategies: How to deal withiedl objections and patenting problems

15.00 — 15.30Maria Cristina Galli (Istituto Superiore di Sanita, Rome, Italy) - Riagory issues in
developing Advanced Therapy Medicinal Products stdm cells in EU

15.30 — 16.0Anne L. Plant (National Institute of Standards and Technolog8AY - NIST Activities in
Metrology for Stem Cells

16.00 — 16.20 DISPUTATIO
16.20 — 16.40 COFFEE BREAK
16.40 — 18.45 SESSION 5 - STEM CELLS AND CANCER

CHAIRPERSONS: Lucio Luzzatto (Istituto Toscano Tumai, Florence, Italy) - Sergio Capaccioli
(University of Florence, Italy)

16.40 — 17.1CPersio Dello Sbarba(University of Florence, Italy) - Cancer and Leekaa Stem Cells and
their environment in cancer resistance to treatment

17.10 — 17.4@Enrico Mini (University of Florence, Italy) - The impact ofetltoncept of Tumor Stem Cells
on cancer therapy

17.40 — 18.10Roberta Santini (Istituto Toscano Tumori, Florence, Italy) - Hetigg signaling in
Melanoma Stem Cells

18.10 — 18.2%.ucio Luzzatto (Istituto Toscano Tumori, Florence, Italy) - Camdihg remarks

18.25 — 18.45 DISPUTATIO
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Wednesday, March 21
9.30 — 11.20 SESSION 6 - STEM CELL MODELS AND THERAEUTIC APPLICATIONS

CHAIRPERSONS: Marco Onorati (University of Milano, Italy) - Robert Passier (Leiden University
Medical Center, The Netherlands)

9.30 — 10.00Alberto d’'Onofrio (IFOM-IEO, Milano, Italy) - Mathematical Modellingf Stem Cell
Kinetics

10.00 — 10.3Maurilio Sampaolesi (University of Pavia, Italy and KU Leuven, Belgiyim
Epigenetic memory of iPS cells to enhance musdterdntiation

10.30 — 11.0Mariusz Z. Ratajczak (University of Louisville , USA) - Very Small Emponic Like Stem
Cells (VSELS) — our key to regeneration, longewityl passkey to cancer

11.00 — 11.20 DISPUTATIO
11.20 - 11.40 COFFEE BREAK
11.40 — 13.30 SESSION 7: PLURIPOTENT VS ADULT STEMCELLS IN HEART REPAIR

CHAIRPERSONS: Fiorella Altruda (University of Torin o, Italy) - Maurilio Sampaolesi (University of
Pavia, Italy and KU Leuven, Belgium)

11.40 — 12.1(Robert Passier(Leiden University Medical Center, The Netherland¢iuman pluripotent
stem cells as models for cardiac development, siesead drug screening.

12.10 — 12.40Dinender K. Singla (University of Central Florida, USA)- Cardiac Regeation in the
Diabetic Heart

12.40 — 13.10Paolo Di Nardo (University of Rome “Tor Vergata”, Iltaly) - Engieeed human cardiac
progenitor cells in hearth repair

13.10 - 13.30 DISPUTATIO
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ABSTRACTS

Germline cell-derived pluripotent stem cells: factos controlling transdifferentiation and potential
applications in animal models of disease

Sharmila Fagoonee, Letizia De Chiara aridrella Altruda
Molecular Biotechnology Center, University of Tayin

Stem cells hold the key to replacing cells losimany genetic and degenerative diseases. Stenceellbe
differentiated into specialised cell types and uasda platform for gene delivery to correct singéne
defects, especially those which can be correcteahlyya small amount of functional protein.

The adult testis contains a pool of stem cells km@8 spermatogonial stem cells, which continuously
generate differentiating daughter cells for subseatiproduction of haploid spermatozoa through m&ios
Cultured spermatogonial stem cells (SSCs) derivedn ftestis of adult mice and human undergo a
spontaneous conversion to ESC-like pluripotent stelts. We have demonstrated that these germ lagle—c
derived pluripotent stem cells or GPSCs can bedfftiated into functional hepatocytes in vitro.SER are
thus a promising tool for the treatment of heraglitaetabolic diseases whilst avoiding ethical cons®ver
embryo use for the production of pluripotent huratem cells.
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Reprogrammed transcriptome in rhesus-bovine interspcies somatic cell nuclear transfer embryos
Jose CibelliDVM, PhD

Michigan State University, East Lansing, Michigitf§A and LARCel, Sevilla,
Andalucia, Spain.

In the post induced pluripotent stem cells (iPS€s), new knowledge about these cells has emerged
showing unsettling facts such as aberrant reprogtiag gene deletions, epigenetic memory and stdichas
differentiation potential. Against this backdrobete is rekindled interest in the reprogrammingptél of

the oocyte. Our work focuses on interspecies sansall nuclear transfer (iISCNT), defined as thaduf

an enucleated oocyte from one species with a i@t finother, as a way of providing new insights itie
molecular processes responsible for reprogramnanwasc cells.

This concept is not new. iISCNT, has been proposddd to rescue endangered or already extinctiepec
The evidence that the procedure may work produfiiigerm pregnancies is however scant. Out of 21
different species cloned using SCNT, four were poed by iISCNT. When examined more closely, two of
these are parent-child species and the evolutiotiatgnce between the other two species is 1 mibind
10.1 million years ago for Felis catus - Felis $gher and Equus caballus — Equus asinus respgctivel
Clearly, the further one stretches that distariee|dawer the likelihood of obtaining a viable fehecomes.

A more tangible goal is to attempt to produce embity stem cells using iISCNT. In our laboratory g€

a series of experiments trying to determine whether fusion between bovine oocytes and non-human
primate somatic cells, such as rhesus macaquerampanzee, would be capable of reinitiating embigyon
development. We examined the extent of preimplamtatievelopment these embryos are capable of
achieving, the epigenetic changes that their ngdkesubject to, and the reactivation of genesatatypical

of that developmental stage as well as the silgnafriibroblastspecific genes. We concluded thgardless

of the incredibly large divergence distance betweevine and non-human primate - 94.4 million years
molecules present in the cow oocyte are capahieaativating monkey embryonic genes. Our data piesvi
encouraging evidence in support of the iISCTN madeh research tool and potentially leading to aemor
powerful and reliable method of producing isogeptigipotent cells for human therapy.
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Generation of oocytes from stem cells: a biologicaiew
Massimo De Felici

Dipartimento di Sanita Pubblica e Biologia CellelaFacolta di Medicina e Chirurgia, Universita dinka
Tor Vergata, Via G. Montpellier 1, 00133 Roma; aHrdefelici@uniromaz2.it

Stem cells (SCs) from various sources exposed pooppate and specific conditions differentiateoicell
types of all three germ layers (ectoderm, mesoderchendoderm) and also into germ cells. The |athelr
raised speculation that SCs may have a potentalimaeproductive medicine. So that in vitro degghent

of germ cells to obtain mature male and female gesndaving the capacity to participate in normal
gametogenesis has been actively attempted foratsteféw years. We believe that methods to produce
oocytes from SCs should utilize well-designed prote that will establish a controlled, rather than
spontaneous, oocyte development and differentiafibese can be based on protocols developed taobta
functional oocytes from in vivo-derived primordiggrm cell (PGCs) and tissues of embryonic ovalies!
outline the researches carried out mainly in mytatory designed to achieve these objectives aeid th
relevance toward improving oocyte development f&@s.
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Cancer and Leukaemia Stem Cells and their environm@ in cancer resistance to treatment
Persio Dello Sbarba
Dipartimento di Patologia e Oncologia Sperimentafijversita degli Studi di Firenze.

Cancer Stem Cells (CSC) and Leukaemia Stem CefC)Lin particular represent a small minority of
virtually all neoplastic cell populations which a#ts most features of normal stem cells sustaining
physiological tissue regeneration. CSC/LSC havenb&®wn to be the ultimate responsible for tumor
initiation and expansion, as well as for the loaeg¥t maintenance of Minimal Residual Disease (MR a
the consequent risk of late relapse of disease gvgatients who had brilliantly responded to intitue
therapy with complete clinical as well cytogendtihen applicable) remission.

Evidences obtained in our laboratory and confirfadr by others indicated that severe hypoxia {04l-
oxygen) is a critical environmental condition féretmaintenance of the haematopoietic stem cell JHSC
potential. In hypoxia, HSC are maintained betteant in normoxia, whereas non-stem clonogenic
progenitors are suppressed. On this basis, weduntex the concept of “hypoxic stem cell niches” wehe
HSC would be capable to reside due to their adaptab hypoxia, that, in turn, would contribute ttee
maintenance of their potential. HSC were foundead] capable to cycle in hypoxia and hypoxia tovakh
limited HSC cycling finalized to support self-reraw

We addressed the regulation of LSC maintenancdanntie above context. It is worth pointing out that
the case of CSC, hypoxia-adaptation would be crmcionly for their long-term persistence in tissubut
also for cancer progression to more aggressiveqifiees, being hypoxia itself a strong inducer aiauic
instability. Stabilized and cloned leukaemia cales were found highly heterogeneous, to comprédis ¢
with a hypoxia-adapted “stem” phenotype as webthgrs with a hypoxia-sensitive “progenitor”, susfijeg
these phenotypes to be not genetically “frozen', flexibly, and reversibly, expressed. Furthermare,
hypoxia, while surviving leukaemia cells are geltgrgrowth-arrested, most LSC are cycling, indingti
that cycling in hypoxia is a specific property &C. Such a property is the main candidate featusaistain
MRD of leukaemia within the hypoxic stem cell nishe

On the basis of all above, leukaemia cell lines rgetk as suitable models to assess independently the
sensitivity to chemoterapy of the “stem” or the dgenitor” leukaemia cell phenotypes, provided an
experimental system capable to select the one fr@rother (such as incubation in hypoxia for defer
times) is established. The idea was exploited #b tee drug-sensitivity of chronic myeloid leukaami
(CML) cells. The expression and phosphorylationihaf oncogenetic BCR/AbI fusion protein of CML, but
not BCR/abl transcription, were found suppressebyjoxia, indicating that hypoxia-selected LSC, levhi
remaining genetically neoplastic, are independérB©R/AbIl signalling. Hypoxia-selected LSC, indeed,
exhibited complete refractoriness (or “primary”istsnce) to Imatinib-mesylate (IM), the first-cheidrug
for CML therapy. This resistance is the charadierigroperty of CML cells responsible for MRD. Olmet
other hand, the clonal expansion of LSC was paealléy the rescue of BCR/AbI protein expression,
necessary for maximal neoplastic growth, so that b&geny reverted to IM sensitivity.

The above-summarized results represent the fipgéranental evidence supporting the associationnof a
environmentally-enforced metabolic profile -hypoaidaptation— with a specific phenotype -BCR/AbI
suppression— affecting CML cell resistance to tresit. This view is in keeping with the recent pregdgut
forward by others to take a “metabolic profilingt oancer cells as the basis for a “context-spécific
therapeutic strategy.
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A quest for redefining stem cell induction strategés: How to deal with ethical objections and patentig
problems

Hans-Werner Denker
Lehrstuhl fir Anatomie und Entwicklungsbiologie, iersitat Duisburg-Essen (Germany)

hans-werner.denker@uni-due.d#tp://www.uni-due.de/denker/

A recent ruling of the European Court of JusticeLuxembourg (EU-CJ, 18 October 2011) on ES cell
patenting has renewed the interest in attackinfsansolved ethical problems of stem cell resedrckhis
contribution | will outline ethical and patentingablems that appear to arise in the modern fielthdficed
pluripotent stem cell (iPS cell) technology. Theus will be on stem cell potentiality, and | wiligaie that
potentiality rather than the act of sacrificing eyds will have to be a central point of concerrsiam cell
ethics and patenting in the future. Possible sahstiwill be discussed.

When somatic cells are reprogrammed to gain “fpliiripotency, they acquire (so to say as a by-pctjdu
the capability to form viable embryos if tetrapladmplementation (TC) is performed (addressed akl“g
standard” by some authors). | argue that humars gassessing this capability cannot be patented. In
analogy to the arguments used by the EU-CJ, thi& aqpply not only to patenting cell lines themsslbet
also to patenting technologies using these celis.fact that the problem is being created by tloegss of
iPS cell induction itself asks for alternative sties of stem cell derivation as well as for gfeint criteria
how to define and to test pluripotency vs. lowerels of potentiality. It will have to be discussetich
genes should be seen here to be crucial (e.g. garaged in early embryonic pattern formation peeses).

For ethical reasons it cannot be defended to usasl&€ test for “full” pluripotency with human cells is
thus necessary to discuss alternative test criteria

Recent reports suggest that it may indeed be gesgibdirectly induce multipotency while bypassing
pluripotent state, thus avoiding the addressedlgnad It thus appears timely and prudent to redefioals

and strategies for stem cell derivation, in additto stem cell quality testing criteria, in order find an

escape from the ethical and patenting dilemma.
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Mathematical Modelling of Stem Cell Kinetics

Alberto d’Onofrio, PhD

Department of Experimental Oncology, European tutgtiof Oncology (IFOM-IEO), Milano, Italy

The current knowledge on the differentiation andlifaration of pluripotent Stem Cells and of mutitpnt
progenitors has received important inputs from cataponal and systems biology (Roeder and Lorenz,
2006; MacArthur et al, 2008; Michor et al 2008).
Indeed, the itself concept of asymmetric vs symimettem cell division is expressed in mathematical
language. In this talk, after a review of some dagioncept, we shall focus on two
classical stem-cells based systems: colon crygthamatopoiesis.

References

d’'Onofrio A and Tomlinson IPM, A nonlinear mathemsat model of cell turnover, differentiation and
tumorigenesis in the intestinal crypt, Journal bédretical Biology, 244:367-374, 2007

MacArthur BD, Ma'ayan A, Lemischka IR. Toward stegil systems biology: from molecules to networks
and landscapes. Cold Spring Harb Symp Quant Bf1823:211-5

Michor F Mathematical models of cancer stem céliSlin Oncol. 2008 Jun 10;26(17):2854-61

Roeder |, Lorenz R. Asymmetry of stem cell fate d@hd potential impact of the niche: observations,
simulations, and interpretations. Stem Cell Re0&28(3):171-80
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Regulatory issues in developing Advanced Therapy Micinal Products with stem cells in EU
Maria Cristina Galli, Ph.D.

Department of Cell Biology and Neurosciences,UstitSuperiore di Sanita, Roma, Italy
Email: mariacristina.galli@iss.it

Author is presently chair of GTWP/CAT at EMA.
The views expressed in this article are authoris@®l views, and may not be understood or quagted a
being made on behalf of the CAT/EMA or reflectihg fposition of the CAT/EMA.

Advanced therapy medicinal products (ATMP), inchgdistem cell therapy and regenerative medicine,
represent a significant emerging field in which riegatment opportunities are offered to patiente main

EU regulatory framework for ATMP includes Regulati®394/2007 and Directive 2001/20/EC. Medicinal
products for stem cell therapy and regenerativeicirezl are considered as cell therapy (CPMP) oudiss
engineered medicinal products (TEP), if geneticaflgdified they are considered gene therapy products
(GTMP).

With the Regulation 1394/2007, ATMP are authorifedthe EU-wide market by the European Medicine
Agency (EMA) through the centralized procedurewhich market authorisation application is evaluaigd
the Committee for Advanced Therapy (CAT) and finplnion to the European Commission is given by
CHMP. CAT working parties CPWP and GTWP has issaedumber of guidelines describing quality,
preclinical and clinical requirements for CPMP/T&Pwell as for GTMP, to help applicants in deveigpi
their products.

According to Directive 2001/20/EC, clinical trigbproval is the responsibility of each EU Membert&ta
Therefore clinical development takes place at nafidevel, with each EU Member State performing a
separate evaluation and authorization procedure &wea multinational trial. Procedures and initias
have been put in place by EMA and national Compedenthorities to facilitate an efficient translatiaf
research discoveries into effective ATMP.

The challenges faced during stem cells-based ATMRIdpment in EU will be discussed.
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Culture adaptation of human ES cells — evolutiorin vitro
Neil J. Harrison

Centre for Stem Cell Biology, Department of BioneadiScience, The University of Sheffield, Sheffijeld
UK. S10 2TN

Human pluripotent stem cells are not immune to timtanor are they maintained in optimal conditions
Consequently, these cells have both the means atidento adapt to culture, and will evolve by tlare
Darwinian principles as all other living organisniis culture adaptation has been documented ih bot
human ES and iPS cells, with epi/genetic changegrgbd which increase the growth capacity of these
cells. For a stem cell this increased growth capawust result from an increased propensity fofrisrewal
over differentiation and/or death, and as suchucalladaptation will likely influence how these sathn be
grown and differentiated. Further, that the moshemn genetic changes in culture adapted pluripatelhd

are also frequently observed in embryonal carcineeills, their malignant equivalent, is clearly deba
concern.

The minimisation of genetic change in stem celtuwrek requires an understanding of the factorsitiaact

on both mutation and selection of these variamtg,veith this in mind the genotype and phenotypeutture
adapted cells will be discussed. The large scdtwtedf the International Stem Cell Initiative (1§Chas
better defined the amplicons associated with celagtaptation, and also the impact of growth cooition
the appearance of genetic changes, and these datalss be mentioned. Whilst the maintenance of
‘normal’ stem cell lines remains a challenge, aeltadaptation also presents an opportunity to geight
into those mechanisms which control cell fate, aray ultimately be utilised to increase our underdiag

of human pluripotent cells.
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Manufacturing of cells and tissues based on flexielModular Platform
Masahiro Kino-Oka

Department of Biotechnology, Osaka University
kino-oka@bio.eng.osaka-u.ac.jp

The cell sheet engineering is one of the mostcatittechniques to make rapid construction of three-
dimensional (3-D) structure as cultured tissuese Tionolayer cell sheet can be harvested using the
temperature-responsive surface to maintain intiéat gell-cell junctions and extracellular matriE@GM)
which plays a role of glue for sheet assemblingi@lt as the host after transplantation.

Recently autologous transplantation of multilaysmoiyiast sheet is emerging as a new technique fongu
myocardial infarction, which is associated with thesfunction of cardiomyocytes and irreversibld tass.
This method can overcome the disadvantages sulds@sake ratio of transplanted cells through tinecd
injection of myoblast suspension. Skeletal myoklase easy to be harvested from patients, haviyaioil
become active, self-renew and differentiate, peimgitmuscle regeneration upon muscle injury. Theeslof
myoblasts also has ability to source the cytokwb&ch improves heart function due to paracrine eyst
including the facilitation of angiogenesis and #teaction of progenitors on affected part. Mansegches
have been tackled concerning cell source explogely culture, sheet assembling, and in vivo anitesis.

In manufacturing, strict management against comtatiun and human error are compelled due to duset
of un-sterilizable products and the laboriousndssutiure operations, respectively. Therefore, sgstem
developments for ensuring a stable process andhygoétherapeutic products are the critical stdpading
to the active commercialization using the cell shiee

The comparison of management between cell proag$aaility (CPF) and cell aseptic processing system
(CAPS) based on the isolator system revealed tAdSCleads to reductions of the running cost as agll
operational laboriousness in the small producfidren, we, recently, conducted the design of marnuifisg
facility to develop the automation system for shmahufacturing with flexible modular platform (fMRQur
developed isolator system for the sheet assemblyrake automated formation of multilayered shepts a
their incubation, and the machinery operations veerecessfully performed. This system can realizeeso
procedures by having flexible connections with @asi modules required for the culture operationseund
sterile conditions, suggesting the broad versgafitit the production in other types of multilayerstkets.
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The impact of the concept of Tumor Stem Cells o caer therapy
Enrico Mini
Department of Pharmacology, University of Floreri€lerence

Cancer stem cells (CSCs) comprise a unique subsetls capable of self-renewal and pluripotenat tain
drive tumor initiation, maintainance, mutation aceuation and metastasis as revealed in functiossdys.

First identified in hematological malignancies, GSave been recognized to play an important role in
several solid tumors. Work in a variety of canckes suggested that CSCs are an important source of
resistance to chemotherapy. This might explainctiveent limitations of anticancer drugs in curingntan
malignancies.

Several resistance mechanisms have been proposkdlifiy high expression of specific ABC drug
transporters. Pathways important for the growth andorigenesis of CSCs include the DNA damage
checkpoint pathway, the Wnt, Notch, Hedgehog aedRIBK/AKT/mTOR signalling pathways. Activation
of these cellular pathways has been identified dkety mechanism causing the insensitivity of CSGs
chemotherapy.

Although much work is still needed to identify acHbaracterize CSCs, efforts are now being directed

towards the design of therapeutic strategies capabtarget the molecular mechanisms sustainingecan
stemness and treatment resistance, with the galpobving the efficacy of current cancer therapies
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The role of physical factors in stem cell differeriaition and tissue engineering
Monica Monici and Francesca Cialdai

Laboratorio Congiunto ASAcampus, Div. Ric. ASA, Digisiopatologia Clinica, Universita degli Studi di
Firenze

Introduction and Aims. It is known that physical factors play an impottaole in regulating biological
processes. As well as the biochemical factors, pigsical factors may induce the cells to reprogtheir
functions to adapt dynamically to the environmentanditions. Therefore they can be applied in
biomedicine and biotechnology in order to drive amadulate cell behavior. Here, we report the resoit
our research on the application of physical stirfgidavitational and mechanical stresses, laseatiadi for
modulating cell commitment, differentiation and €tion with the final aim to understand when and how
physical stimuli can be useful for promoting tissepair and formation of functional tissue consisuc

Methods. The experiments that have allowed us to obtaindkalts here described have been performed on
human Mesenchymal Stem Cells (hMSCs) by using ad&anPositioning Machine (angular velocity of
rotation 60°/s, exposure 72 h) to model microgyava hyperfuge to expose the samples to hypetgravi
conditions (5 periods of 10 min at 10 x g spacetth \&D min recovery periods at 1 x g) and a high grow
pulsed Nd:YAG laser to irradiate the cells with prlses ¥ 1064 nm, 200us pulse duration, 10 Hz
repetition rate, 458.65 mJ/cm2 energy fluence,et3exposure). RT-PCR, immunofluorescence microscopy
and image analysis have been applied in orderatyamthe effects induced by the treatments.

Results. Our findings show that the exposure to microggawionditions inhibits the differentiation of
hMSCs towards mature elements belonging to tisswéh antigravitational function (osteoblasts,
chondrocytes, etc), favouring adipogenesis. On theontrary, hypergravity promotes
osteoblastogenesis/chondrogenesis and inhibitogelifesis. Interestingly, a similar effect can b&ioled
by irradiating hMSCs with IR pulses emitted by a¥X&G laser.

Conclusions.Physical stimuli can be used to switch hMSCs feodifferentiation pathway to an alternative
one. Now we know that differentiation processes @ibfunctions are directed through the conceetiéeicts

of many different stimuli and it is becoming incsgagly clear that the only way to approach funuio
tissue regeneration and repair is to supply contbimemoral and physical stimuli in a dose- and time-
dependent manner. In perspective, the possibilitynodulating hSMCs behavior by applying suitable
physical stimuli could be of consequence in cahsplantation therapy, tissue repair, regeneradiuh
engineering.
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Developmentally coordinated extrinsic signals drivehuman pluripotent stem cell differentiation
towards fully functional DARPP-32+ medium-sized spiy neurons

Marco Onorati

Department of Pharmacological Sciences and Centri8tém Cell Research, University of Milano

Medium-sized spiny neurons (MSNSs) are the only tiedam-projection neurons and their degeneratfon i
at the core of the extrapyramidal dysfunctions inntihgton's disease. We show that MSNs can be
efficiently generated from human pluripotent - bathive or induced - stem cells, exposed to key
neurodevelopmental molecules. In a feeder-free radheculture, ventral-telencephalic neuroectodermal
specification is induced by BMP/TJFinhibition and subsequent SHH treatment. The emgrgOXG1+
telencephalic progenitors are terminally differatdgd, resulting in the systematic line-independent
generation of CTIP2+/DARPP-32+ MSNs. Similarly tatre MSNSs, the in vitro generated neurons show
single and repeated action potentials, spontanestisity and dopamine neuromodulation of GABA
currents. In sum, human pluripotent stem cells lmarfficiently driven to acquire a functional stailafate
using a stepwise method representing a platformirfovitro developmental neurobiology studies, drug
screening approaches and regenerative medicine.
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How best to advance neurodegenerative research ugipluripotent stem cells
Graham C. Parker
Carman and Ann Adams Department of Pediatrics, \W&tate University, Detroit MI, USA

Introduction and Aims. Stem cell research offers #bility both to study development and the nascent
potential to develop therapeutics beyond bone maamd cord blood hematopoietic reconstitution. Bgirt
very intractability, few areas of potential stentl teerapy have engendered more excitement ancgimant

as neurological disorders. This presentation welliew recent progress in clinical translationgmmpt to
explain current trends in stem cell research, amdnsarize recent findings that relate to spinal ralasc
atrophy, an autosomal recessive motor neuron disesmssed by a genetic defect carried by as maoyeas

in 75 people
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Human pluripotent stem cells as models for cardiadevelopment, disease and drug screening
Robert Passier

Leiden University Medical Center, Department of famy & Embryology,
Leiden, The Netherlands

Pluripotent human embryonic stem cells (hESC) hheepotential to differentiate to any cell typethé
human body. This characteristic has sparked rese@r¢o study the use of hESC for regenerative civesi
drug screenings and embryonic development. We magently optimized differentiation of hESC to
cardiomyocytes, including growth factor directedfatientiations as monolayers or as three-dimensiona
aggregates (embryoid bodies or EBs). Previouslyhawe demonstrated that hESC-derived cardiomyocytes
(hESC-CM) faithfully recapitulate the early molegukvents during embryonic development. Recentéy, w
have generated a cardiac reporter line by introdu@reen Fluorescent Protein (GFP), in the gendwoias

of the early cardiac transcription factor NKX2-5high enables us to visualize the derivation of NK&
cardiomyocytes during in vitro differentiation apdrify these cells by Fluorescent Activated CelttiBg
(FACS). The combination of different transcriptifector-coupled fluorescent reporters in this sdechl
“rainbow” hESC cell line, covering sequential stagé the cardiac lineage, will allow us to identdnd
characterize pathways for specific subtypes of thediac lineage at early and later stages during
differentiation. Furthermore, a better understagdai these developmentally related processes wall b
further important for progress in fields of tissmgineering, disease modelling, drug toxicity aistavery,
which most likely will lead to improved tailor-madaerapies and better and safer medicines on thieeina
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NIST Activities in Metrology for Stem Cells
Anne L. Plant
National Institute of Standards and Technologytldgasburg MD, USA

The manufacture and deployment of stem cells fodioad therapies pose special challenges compared to
other kinds of pharmaceutical products. While tatjon of these products requires quantitative sssent

of their potency, it is difficult to determine whidn vitro assays provide relevant measures ofrmytef the
product. Assessing biological activity is challemgin part because cell-based assays are compiek,
there are many sources of measurement uncertainblST is pursuing several strategies to improve
metrology and standards that will enable discouargl regulatory approval of stem cell and regenegrati
medicine technologies.

One project involves developing algorithms that classify stem cell colonies according to theiresance

to determine their state of pluripotency. An uskid, mathematical description of phase contrast
microscopic images of pluripotent colonies wouldlade reliable selection of colonies for expansiamd
possible enable the automation of pluripotent sedlle up. Another activity is to work with the BBA to
describe assays for cell-based therapy produdisrins of classical metrology concepts. In fieddsh as
analytical chemistry, the activities required faheving accuracy, precision and robustness aegively
straightforward. For assays meant to assess thaghtal activity of cells, such concepts are oftifficult to
describe and challenging to achieve. We focusxpermental approaches for reducing uncertainty s.
benchmarking of instrument response.

These and other efforts are aimed at encouragibgased and rigorous quantitation of complex biatagi
phenomena. Carefully acquired data will, in theiese be benchmarks against which other data can be
compared. Furthermore, reducing uncertainty inifrovmeasurements will make it easier to identifyiot
assays best predict the in vivo response.
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Very Small Embryonic Like Stem Cells (VSELS) — ourkey to regeneration, longevity and passkey to
cancer

Mariusz Z. Ratajczak

Stem Cell Biology Program at the James Graham BrGamcer Center, University of Louisville, Louiseil
Kentucky, USA.

Pluripotent very small embryonic/epiblast deriveens cells (VSELS) as we hypothesize are deposited a
begin of gastrulation in developing tissues ang pla important role as backup population of plutgnd
stem cells (PSCs) for tissue committed stem c&lBSCs). Molecular analysis of adult bone marrow {BM
derived purified VSELSs revealed that they i) exprpluripotent stem cells markers e.g., Oct4, NaKdig4,
SSEA-1 ii) share several markers characteristicejpiblast as well as migratory primordial germ ell
(PGCs), and iii) posses a unique pattern of genamprinting (e.g., erasure of differently methyldte
regions at 1gf2-H19 and Rasgrfl loci and hypermiatign at KCNQ1 and Igf2R loci). We hypothesizettha
these pluripotent stem cells play an important ioléissue/organ rejuvenation, and their proliferatand
potentially premature depletion is negatively colxd by epigenetic changes of imprinted genes that
regulate insulin factor signaling (Igf2-H19 locufgf2R and RasGRF1). Since the attenuation of
insulinf/insulin growth factor (Ins/Igf) signalingopitively correlates with longevity, we proposeséd on
our experimental data in animal models, that gredearease in the number of VSELs deposited intadul
tissues, which occurs throughout life in an Insdiginaling-dependent manner is an important meshaof
aging. In contrast, a decrease in Ins/Igf stimatatf VSELs as seen for example during calorierictistn
extends the half life of these cells in adult oyand has a beneficial effect on life span. Onrdtlaad the
same epigenetic changes in the epigenetic signafuraprinted genes keep these cells quiescentluit a
tissues and prevent them from teratoma formationcdntrast epigenetic changes/mutations that lead t
activation of imprinted genes could potentiallydea tumor formation by these cells. Mounting evicke
accumulates that perturbation of expression of impd genes is a common phenomenon observed in
developing tumors. We envision that mutated VSEhsaddition to teratomas are origin of several
malignancies including germinal tumors and pediagarcomas.

29



Genomic stability of mouse embryonic stem cells at y-rays treatment
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Parma, Via Volturno 39, 43100 Parma, ltaly;
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Italy.

Embryonic stem cells (ESCs) are pluripotent, setferwving and undifferentiated cells derived fromitiveer
cell mass (ICM) of the blastocyst. Because of tbagin, they have a strict control on their genantegrity
to ensure the correct transmission of undamaged.DNA

We characterise, during a period of up to 96 huiuce, the cell cycle phase distribution and apsist of
R1 mouse ESC (mESC) line treated with a single db2eor 5 Gyy-rays. After 2 Gy treatment and 24 h of
culture, a significant majority of cells was blodkat the G2/M phase and a massive apoptosis wasvelos
in comparison to control population. Between 48h7&fter irradiation, the parameters used to desdtib
cell cycle and apoptosis returned similar to thafseontrol. When mESCs were irradiated with 5 Ggnaall
fraction of cells still presented clear evidenceéa &2/M block and apoptosis, even after 96 h diuce. At
96 h of culture, for a characterisation of tregbegulations, the chromosome complement, the diéean
capacity and the transcriptome expression wereuated in comparison to the control cells. The s
MESCs maintained their undifferentiated status @ahcity to differentiate into the three germ layek
structural stability of the aberrations was obséramong populations and the microarrays data shdeved
differences in gene expression profile of 5 Gytedaells compared to control.

Overall, our results indicate a commitment of mE&Csaintain pluripotency and genome stability.
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Epigenetic memory of iPS cells to enhance musclefdirentiation
Mattia Quattrocelli, Giacomo Palazzolo, Stefaniagpa andMaurilio Sampaolesi

Human Anatomy Institute, University of Pavia, Itadynd Translational Cardiomyology Laboratory, KU
Leuven, Belgium

In the growing field of regenerative medicine, steetl therapies hold promising potential for inntve
treatments of several degenerative diseases, inglmeuscular dystrophies. Muscular dystrophies (/&re

a heterogeneous group of genetically inheritedadisge, mainly characterized by a severe and chronic
wastage of skeletal and cardiac muscle. MD outcisnstill fatal, due to respiratory or cardiac faduand
clinical strategies to counteract the biologicalses are still missing. Pluripotent stem cellsroéf@recious
source of self-renovating and multi-lineage differating cells. Induced pluripotent stem cells @y are
generated from somatic cells via transient ovemresgion of pluripotency factors, such as Oct4, S&}2,

and Nanog. Depending on diverse protocols and eptge signatures, iPSCs differentiate into
multinucleated skeletal fibers and into beatingdimanyocyte foci in vitro and can participate in the
myogenic regeneration in dystrophic animal mod&tem cell-based approaches aim at providing the
affected muscles with new, functional myofibers aestore, at least partially, cardiac and skeletascle
architecture and motility. Although heart and stadlanuscles share the expression of several pmtein
including all the contractile machinery, their @iféntiation programs are strictly specific and lfine
controlled. We have recently reported that speaifikNAs can regulate muscle lineage switch. Thus,
targeting those miRNAs could be used to drive $ped®SC differentiationor considered as an adjavan
strategy for regenerative process.

Nonetheless, novel strategies are still requiredgtimize the differentiation efficiency and redutte
teratogenic risk of iPSCs. In this view, the epigén memory of the donor cell type could be deeper
investigated and exploited as a fine tool to inseeghe myogenic commitment of the IPSC-derived
differentiating cell pool.
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Hedgehog signaling in Melanoma Stem Cells

Roberta Santinj Maria C. Vinci, Silvia Pandolfi, Junia Y. Penaehi, Riccardo Gattai, Nicola Pimpinelli,
Gianni Gerlini, Lorenzo Borgognoni and Barbara Stac

Laboratory of Tumor Cell Biology, Core Research quatory - Istituto Toscano Tumori, Florence, Italy

Melanoma represents the most malignant and lethahg skin tumors due to its high infiltration caipac
and invasion, and for its resistance to chemotlyeeaq radiotherapy treatments. Despite new thetapeu
approaches performed in the last decade, progfasimetastatic melanoma patients remains still g@pr
Recent observations have led to the hypothesis tinaworigenesis is a plagiarisms of embryonic
development in which stem cells assume a centtal todeed, solid tumors have been demonstrated to
contain a subset of cells that are endowed withotigenic potential and stem cell properties, tisathie
capacity for symmetric and asymmetric cell divisiallowing them to self-renew and differentiate.
Accumulating evidence suggests that cancer-steancils might exist in melanoma, although theintitg

and frequency is controversial, due to the limitatiof xenografts models (2,3). We have previously
demonstrated that growth, recurrence and metasibsi®lanoma in mice require Hedgehog-GLI signaling
(4), a key communication pathway involved in margpects of development and cancer. Using a
combination of functional in vitro and in vivo agsawve have isolated putative human melanoma sten-li
cells. In addition, we are identifying signalingipaays that may have promise in disrupting melanstem

cell self-renewal and survival. We will discuss htthese findings might hold important implicatiomns the
development of novel therapeutic approaches foanuha.
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Cardiac Regeneration in the Diabetic Heart
Dinender K. Singla
BSBS, College of Medicine, University of Centrabfitla, Orlando, FL, 32817

Recently, we reported that induced pluripotent st@RS) cells generated from H9c2 cells following
transplantation into infarcted heart can inhibibpgosis and differentiate into cardiac myocyte§ @lls can
have wide application in various other disease$ @& diabetes. Therefore, we determined the patenti
of iPS cells or factors released from iPS cellthmregeneration as well as repair of the injurgdcardium

in the different models of diabetes. Our streptoeiot (STZ) induced diabetic rat hearts shows aifsogmt
decrease in cardiac myocyte apoptosis and fibrdsisthermore, we also examined that an increased
apoptosis is mediated by oxidative stress. Howewemsplanted iPS cells in STZ-induced diabetes
significantly reduced apoptosis, fibrosis and iasexl oxidative stress. Furthermore, our echocamaiyby
data shows significantly improved cardiac functibiext, we generated myocardial infarction in dhvdilce

to understand the effects of transplanted iPS celts neovascularization, apoptosis, and fibrosis.
Furthermore, we also explored the role of factelsased from iPS cell on the activation of endogerwkit
positive cardiac progenitor cells. Our data suggdsit there were a significantly increase in
neovascularization. Moreover this increase in nsowkarization was also contributed by the activaiid
endogenous c-kit positive cells. Additionally, ieased neovascularization demonstrated a signifycant
improved cardiac function. Overall, our data fromege models suggest that transplanted iPS cetlsein
injured diabetic heart provide beneficial effectg&a vinhibiting apoptosis, fibrosis and increasing
neovascularization.
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Adhesion or anti adhesion? What is the significancef stem cell antigen CD34 in hematopoietic
biology?

Vimal Kishor Singh, Ramesh Chandra, Gurudutta UgineisangenahalliMurli Dhar Tiwari

Department of Biochemistry, V.P. Chest Institutajuarsity of Delhi;

Dr. B. R. Ambedkar Center for Biomedical Reseatghiyersity of Delhi Delhi - 110 007, India

Stem Cell Gene Therapy Research Group, Institubduofear Medicine & Allied Sciences, Lucknow Road,
Delhi-110054, India.

Indian Institute of Information Technology, Deogh#talwa, Allahabad, India

Prof. Ramesh Chandra, Founder Director Dr. B. RbAdkar Center for Biomedical Research, Univerdity o
Delhi Delhi -110 007, India Tel: +91-11- 27667508xF+91-11-27666294

E-mail: acbrdu@hotmail.com

Introduction. CD34 have been famous for more than two decades@ulinicians and researchers for its
unique capability to identify cells with supremegeaftment quality in a majority of blood borne diders.
There have been infamous corporate battle due tious CD34 based reagents in past. However, its
significance has reduced in clinics for identifioaf purification of Hematopoietic Progenitor
Cells/Hematopoietic Stem Cells (HPCs/HSCs) with thévents of newer stem cell identification
methodology and with the concept of induced plugpbstem cells / mesenchymal stem cells (IPSC/MISCs
Here we are focused more on its functional sigaifie in HSCs adhesion/ migration which largely iema
obscure. Preliminary work indicated its key papation in cellular trafficking to the site of heropbiesis or
injury in some cases at least.

Objectives. Modulation of hematopoietic stem progenitors/stestist adhesion/migration through ectopic
expression of stem cell specific genes.

Methods. Gene cloning, stable transfection, induced expoesand adhesion assay

Results.A 1.5 KB cDNA was cloned in a eukaryotic gene esgpien vector (pTet-On) by recombinant gene
cloning methods and sequence ORFs was confirmeddhrgene sequencing. The vector containing human
CD34 cDNA was transfected in Human T lymphoblasgtt line Jurkat E6.1 by using Lipofectamine 2000
and surface expression of wild type Human CD34 GB4WT) was analyzed by flowcytometric methods.
The effect of induced expression of ectopic gemaatestrated no significant effect on the surfaceesgion
level of surface adhesion molecules viz. ICAM-1etrin- alpha L, Integrin-beta-2/ beta-1, Integiafpha 5

as evaluated by flowcytometric methods. Similadg/lular proliferation remains unaffected on ectopi
expression as indicated by cellular proliferatiseays.

The adhesion of the Hu-CD34WTcells was evaluateddgulating their binding to the fibronectin-codte
(Fn-coated) plastic surfaces. The fraction of ttileesed cells was calculated by measuring opticasitiein

an MTT assay. The CD34WT expressing cells show&d @lues (that indicates adherent cellular franxg)o
0.4692 SD 0.057168 in comparison to control (untransi@c@3154SD0.025696, CD34WT (uninduced)
0.2698SD0.082577 indicating 1.744 fold enhancement okaluE6.1 cells expressing CD34WT (induced)
in comparison to the CD34WT (uninduced) cells ® fim-coated surface (p-value 0.004014). Thesengsdi
indicate ability of CD34WT over-expression to pdtalty enhance cellular adhesion of Jurkat E6.1sciel
the extracellular matrix proteins (like Fn) Howevpotential phosphorylation site Ser306 might beyiplg
crucial in the underlying mechanism, which remambe defined at molecular level.

The effect of CD34 over-expression on adhesiorudfat E6.1 cells to the stromal cell layer was sssé
by Calcein-AM method. For determination of celluéathesion, the cells were stained with Calcein-AM d
and laid over precultured stromal cell layer. Thidesion was facilitated for 2 hrs at°87with 5% CO2.
Both adherent and non adherent cellular fractioasevealculated by measuring the fluorescence iityens
and % adherence was calculated. We assessed tb&@dkffect of Hu-CD34WTcells to stromal cell laye
that was irradiated at different doses. The grosftetromal cells has been demonstrated not to feetafi

by radiation doses as high as 100 Gy during inovidonditions. However, the protein synthesis was
demonstrated to be inhibited at more then 10Gy.ivddiated stromal cells at 5Gy and 10 Gy at 24ams
48 hrs prior to the adhesion assay and measuréd gathesion of all three types of cells.
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The cellular adhesion was enhanced at both radidtiges irrespective of expression of CD34 genlestel
was a meager upmodulation in adhesion of the aligg of cells including control (untransfected) &hd
CD34WT (transfected) cells to the stromal layecamparison to the unirradiated cells.

Conclusion: cells expressing human CD34 gene shown a moderateaise in their adhesion to the surface
coated with extracellular matrix proteins and stabrrells. The studies presented here clearly iteliea
positive role for CD34 surface molecule in humanhyfmphoblasts at least. Though the exact mode of
signaling and their regulation is still under defin
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Differentiative potential of fibroblast-like cells from human peripheral blood

Silvia Barbon Thomas Bertalot, Senthilkumar Rajendran, Amit 8&din Pier Paolo Parnigotto, Maria
Teresa Conconi, Rosa Di Liddo

Department of Pharmaceutical and Pharmacologiaeh8es, University of Padova, Italy

Introduction and aims. Cells with clonogenic proliferation have been igged in human and animal
peripheral blood. When ex vivo cultured, they adhier plastic dishes, form typical fibroblastoid aakes
and respond to differentiative stimula acquiringeogenic, adipogenic and chondrogenic properties. A
circulating multipotent stem cells could represantimportant autologous cell source for muscleugéss
engineering, in the present work adherent fibrdlda®lls from human peripheral blood (hPBCs) hbgen
phenotypically characterized and tested in vitronfiyogenic differentiation.

Material and methods. After Ficoll density gradient separation, monoeatéd cells from peripheral blood
samples were collected and then culturediMEM, 16,5% FBS, 1% antibiotic solution. Fibroblaist
colony forming unit populations (CFU-F) were hateglsand characterized by cytometry using FacsQanto
(BD), doubling population study, SEM, different@titests and gene expression analysis (RT-PCR).

Results. hPBCs were morphologically stable during subcirtyuras demonstrated by optical and SEM

microscopy. When characterized by cytometrical yseBBCs revealed a mesenchymal stem cell profile
being CD73+/CD90+/CD105+/CD166+/CD133med,/ntefrmed/CD34low and showed a doubling

population time of 48 hours over 31 passages. €hpansivity to osteogenic and adypogenic stimula wa
defined by cytochemistry. In particular, after 1dysl from induction with myogenic factors, hPBCs

organized into syncitium-like structures as shownoptical and SEM microscopy. Furthermore, RT-PCR
and cytometry revealed the expression of myogeumidkers.

Conclusions.In this work, the procedure to isolate hPBCs wnttltidifferentiative potential was defined.

Taken together, our results have demonstratedlieae cells possess stem plasticity which bodelsfarel
their future application in tissue engineering.
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Introduction and Aims. Undifferentiated mesenchymal stem cells (MSCsjnfroone marrow express
multiple functional K+ channel currents and inesd extent Na+ and L-type Ca’2+ current. These two
latter currents increase in expression with MS@difpration and differentiation. Low laser interys{LLL)
therapy is described in the literature as caushmgeases in the amount of DNA synthesis, osteaclast
proliferation in bone defects tibia and osteop@o$he aim of this study was to characterize tiecef of

LLL stimulation on functional K+ and Ca”2+ chanrekrents in cultured MSCs.

Material and methods. Mouse bone marrow mesenchymal stromal cells (M3@sg isolated from femura
and tibiae of male C2F1 mice . MSCs were culturegrowth medium (DMEM containing 1% Glutammine,
1% P/S and 20 % FBS), in the presence or absené50mM Ba”2+, for 24 and 48 h. MSCs were
stimulated for 10-26 s with a diode laser operating wavelength a 632 nm in continuous irradiatimde
(power 89 mW; energy density dose of 0.26 J/cmAer output was coupled to a 0.6-mm-diameter dptica
fiber). Cell proliferation was assayed by cell ctog, EdU incorporation assay, and Notch-1 actorati
lonic currents were recorded with the whole-celichaclamp technique. Experiments were made before
(time 0) and 24 or 48 hours after laser treatment.

Results. Laser treatment increased significantly MSC peoéifion and up-regulated Notch-1 expression.
These effects were paralleled by a reduced valudefcell membrane capacitance, index of a reduced
surface membrane area, and an increase of thdispesting membrane conductance. Laser stimule¢dd
showed significant increase of K(Ca), Kir and Tddntype Ca"2+ currents. Notably, the above changes
were reduced in cells pretreated with Ba”2+.

Conclusions. Taken together, these results, suggest a roleifate laser in the stimulation of MSC and
underscore novel intriguing mechanisms respongiblaser biostimulation.
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Introduction and Aims. Extensive loss of skeletal muscle tissue resaliagurable mutilations and severe
loss of function. In vitro generated artificial noless undergo necrosis when transplanted in vivorkdfost
angiogenesis may provide the amount of O2 requioedmuscle fibre survival. Skeletal muscle tissue
engineering has met with limited success, duedactmplex tissue architecture and the presencedehse
microvascular network without which muscle fibetsrbt survive once implanted in vivo. Here we rejgor
novel strategy exploiting the good survival andfeténtiation of mouse mesoangioblasts in a recently
discovered biomaterial, PEG-Fibrinogen, and thdilitg, once engineered to express Placenta derived
Growth Factor and embedded in this material, taettthost vessels and nerves while myotubes begin t
form. Mesoangioblasts, embedded into PEG-Fibrinogdrogel, generate an additional muscle on the
surface of the Tibialis Anterior.

Material and methods.We report a novel strategy exploiting the good/isat and differentiation of mouse
mesoangioblasts in a recently discovered biomat&aG-Fibrinogen, and their ability, once engimekto
express Placenta derived Growth Factor and embeiddéds material, to attract host vessels and eerv
while myotubes begin to form.

Results.When PF embedded Mabs are implanted underneattkihen the surface of the tibialis anterior
(TA), the normal contractile activity of this muedhduces fiber orientation and maturation, resglin an
extra muscle that is morphologically and functibngery similar to the underlying TA

Conclusions.This strategy opens the possibility of in vivo@agous muscle creation for a large number of
pathological conditions.
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Introduction and Aims. Stem cell technology has recently been of gre@treést in veterinary field, with
potential applications in improved production arghlth through the establishment of genetically medi
animals, the in vitro study of host-pathogen intéom as a model for human and veterinary mediaime

the screening of putative pharmaceutically actividetules. Cattle are economically important worldivi
and are an attractive target for biotechnologyaese Recent studies have shown that induced phermp
stem (iPS) cells are comparable with embryonic stefts (ES). However most attempts to create ES for
cattle have failed. The purpose of the presentystuas to establish an effective protocol to gereebatvine
iPS cells using Yamanaka’s four transcription fez{®ct4, Sox2, Klf4, c-Myc — OSKM).

Material and methods. Skin fibroblasts were transduced with retroviragging the mouse OSKM and two
days later were replated onto mitomycin C treateddér cells. Three media were compared: A with
leukemia inhibitory factor (LIF) and basic fibrobtagrowth factor (bFGF), B with LIF; and C with gar
replacement, LIF and bFGF. Virus integration andgenous and endogenous gene expression were
analyzed, and an in vitro differentiation assay pagormed.

Results.iPS-like colonies were identified 7-9 days poansduction in media A and B. Two colonies that

showed good growth rate and morphology were exghadd characterized. Genomic PCR and RT-PCR for
the mOSKM showed that the genes were integratedthe genomes of the fibroblasts and transcribed.
Endogenous pluripotent genes were also activatethr§oid bodies were observed in suspension culture
without growth factors.

Conclusions. Preliminary results suggest that bovine iPS cedls be derived by the addition of OSKM
however, if it is possible to maintain the cellaimundifferentiated state has still to be demaitesd.
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Introduction and Aims. This study investigates the yield and functionadfpose-derived stromal cells
(ASC) which are present in the aspirates obtairyeddd liposuction (WL) and dry liposuction (DL).

Material and methods. The aspirates were processed to investigate #he gf the stromal-vascular fraction
(SVF) cells (trypan blue staining) and the yield=(CF assay), growth rate and apoptosis (fluorimetri
assays) and differentiation potential (westerntislgt immunofluorescence) of ASC.

Results. Proliferation, viability and adipogenic, osteogeand endothelial cell commitment of ASC were
similar irrespective to the surgical techniques.e Thmount of freshly isolated WL-SVF cells was
significantly lower than that obtained from DL asliras the number of CFU-F was lower in WL- than-DL
aspirates.

Conclusions. Although the final yield of ASC harvested from alLVdspirate was about half of a same
volume of DL aspirate, the main biological featumsWL-derived ASC, i.e. growth rate, viability and
differentiation potential were satisfactory. Theref WL can be favourably considered not only tmaee
the adipose mass from plastic surgery patientslsotas a procedure to be followed for tissue e@ging
applications.
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Introduction and Aims. Mesenchymal stromal cells (MSCs) are a promisglgcandidate in regenerative
medicine. Their proliferative potential can be sased by low-level laser irradiation (LLLI), buteth
mechanisms involved remain to be clarified. Here imgestigated the effects of 635 nm diode laser on
mouse MSC proliferation paying particular attenttonthe ability of the laser light to stimulateotdh-1
signaling pathway, a key determinant of MSC setfewal.We also searched for an involvement of KCal
ion channels, previously shown to be a target efltiser action, in the laser- mediated effect®otth-1
regulation.

Material and methods. Irradiated and control mouse bone marrow MSCs evesssayed for cell viability
and proliferation by MTS assay, time lapse videswoscopy EdU incorporation. Expression of Notchadl a
its target gene Hes-1 were evaluated in MSCs adtur the absence or presence of 0.5 mM Ba2+ hibitn
KCal.1 channels, using RT-PCR, Western blottingamdocal immunofluorescence.

Results. Compared with non-irradiated MSCs, those irradiateith diode laser showed increased
proliferation; this phenomenon was associated whth up-regulation and activation of Notch-1, aals
demonstrated by increased nuclear expression df Bieshe irradiated cells. Of interest, KCal.lrohel
inhibition was able to prevent the stimulatoryeeté induced by laser irradiation on MSC growth and
Notch-1 expression, providing clues to advancekmomwledge on the mechanisms leading to stimulation
cell proliferation by laser light. Of note, diodeskr did not affect MSC viability or caused maiplgical
alterations.

Conclusions. Our findings demonstrate that the mitogenic effembserved in the diode laser-irradiated
MSCs involve stimulation of Notch-1 signaling thghuKCal.1 channel activation and suggest that LLLI
may be a valid and safe approach for preconditgp@ihMSCs prior their transplantation for regenieeat
medicine purposes.
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Objectives. This study compared some characteristics of cafsdipose tissue-Derived Mesenchymal Stem
Cells (cAD-MSCs) from subcutaneous and visceralTaese findings were directed to obtain high gityant
and quality cAD-MSCs for clinical cell-based theyap

Matherial and methods. Subcutaneous and visceral fat samples were cefldobm 2 different groups of
10 healthy donor dogs. The cAD-MSCs were isolatethfeach sample and were cultured in Dulbecco’s
modified Eagle’s medium-Low Glucose with 20% Féaline Serum. Cell yield (number of cells/g of fat)
was evaluated. cAD-MSCs were sub-cultured up tcsgges (P) 6 and their proliferation potential was
evaluated. The identity of cAD-MSCs of each passege verified by their ability to attach to flasksiface,

to produce colony-forming units (CFU) and to diffietiate in chondrocytes, adipocytes and osteocytes.
presence of transcription factors indicating setfawal and undifferentiation (Oct4, Nanog and Sax&)e
also investigated by RT-PCR analysis.

Results and conclusion.The isolated cAD-MSCs adopted a fibroblast-likeapsh Statistical analysis
demonstrated that subcutaneous and visceral fédegiethe same number of cells/g of fat. We also
demonstrated that in a non-inductive medium the -®A8Cs reached the highest proliferative capacity,
especially when derived from subcutaneous fat. Batavn that the obtained CFU number grew up to P2
and decreased in subsequent passages. Cells diaredubcutaneous fat gave higher mean valued=tf C
than those of cells deriving from visceral fat Ihpassages. cAD-MSCs differentiated in the thiredges
above mentioned up to P4. RT-PCR analysis revedéthedl cells expressed pluripotency-associated
transcription factors Oct4, Nanog and Sox2 up tobR6the mRNA expression level was higher at P2.
Finally, the results of our study showed that tA®dvISC from subcutaneous fat, grown up to P2 in our
culture condition were most suitable to use in negative therapy.
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Introduction and Aims. Mesenchymal stromal cells (MSCs) have been sukdlssised to improve
skeletal muscle repair/regeneration; however, teehanisms responsible for their beneficial effeetaain

to be clarified. On these basis, in the presemtystwe evaluated in a co-culture system the ahilftpone-
marrow MSCs to influence C2C12 myoblast behavia amalyzed the cross-talk between the two cellgype
at the cellular and molecular level.

Material and methods. C2C12 cells were cultured alone or in co-cultuighwnouse MSCs and their
proliferative attitude were assayed by Time lapsdeamicroscopy, cyclin A expression and EdU
incorporation. Notch-1 expression and activationrevalso evaluated by RT-PCR, Western Blot and
confocal immunofluorescence in the myoblasts cettialone or immunomagnetically separated from MSCs
after co-culture. Paracrine interaction betweenwecell types was evaluated by analyzing the Ivemment

of MSC-derived vascular endothelial growth facMEGF) in the myoblastic response.

Results. Myoblast proliferation was greatly increased ie tto-culture; this phenomenon was accompanied
by the up-regulation of Notch-1 signalling, a kestetminant of myoblast activation and proliferatidine
myoblastic response was mainly depended on theqeaelease of VEGF by MSCs. Indeed, the additio
of MSC-derived conditioned medium (CM) to C2C12lxgielded similar results as those observed in the
co-culture and increased the phosphorylation apdession levels of VEGFR. Treatment with the select
pharmacological VEGFR inhibitor, KRN633, attenuatedceptor activation and inhibited the effects of
MSC-CM on C2C12 cell growth and Notch-1 signalling.

Conclusions. This study provides novel evidence for a role oG4 in stimulating myoblast cell

proliferation and suggests that the functionalraatéon between the two cell types may be explditedhe
development of new cell-based skeletal muscle regpategies.
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Introduction and Aims. Recent studies have shown that an electric fi&#) (induces stem cell
commitment towards a cardiac phenotype. Howeves, dffects of pulsed EF involved in myogenic
commitment are still poorly understood. The aimtto$ work was to investigate the effects of mond an
biphasic electrical stimulation on a mouse sterhloed (m17.ASC) and on adult stem cells isolateshf
human adipose tissue and heatrt.

Material and methods. Device: the bioreactor system is composed of asth&arrying an electrical wiring
system and is equipped with housings for multiplétuce PDMS chambers, in which stainless steel
electrodes are embedded. Electrical stimulatiodrigen by graphical-interface software able to aedl
control the stimulation patterns. Biological expegnts: m17.ASC cell line and human adult stem eedie
seeded on glass slides and 24 hours later thedgEarge mono-phasic 2ms, 1Hz, 8V amplitude or bsjgha
2ms, 1 Hz4 V amplitude) were applied for different time ptsi§3, 8, 24, 72 hours). Cell proliferation was
evaluated by crystal violet staining and on thasakthe expression of the early cardiac markeysr@éxin

43 (Cx-43) and Gata-4 by IF.

Results. Mouse m17.ASCs upon both electrical stimulatioot@rols showed proliferation rates similar to
those of not-stimulated cells. After 3 days of laigic stimulation m17.ASCs up-regulated the expoassf
Cx-43. similar results were observed for both hunsefi types. In the case of human cells bi-phasic
stimulation induced also the up-regulation of GAZAranscription factor.

Conclusions.These results suggest that the bi-phasic EF caanlsgppropriate signal to induce myogenic
commitment in mesenchymal stem cells. Experimentgctw combine this stimulus with stiffness and
topography of the culture substrate are in progress
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