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WELCOME MESSAGE

Dear guests, colleagues and friends,
We are pleased to welcome you at the CTESS Symposium 2015, entitled
‘Regenerative  Medicine:  Achievements  and  Perspectives’,   which is organized by
Cell and Tissue Engineering Society of Slovenia.
Regenerative medicine and tissue engineering already offer many successful
applications - from products used in patients, successfully restoring damaged or
diseased tissues, to complex and faithful in vitro tissue models enabling drug and
material testing as well as basic cell mechanisms studies.
For further advancing of regenerative medicine, the tight cooperation between
differed fields of research and intense crosstalk between basic science,
applicative science and clinics, is a prerequisite. Therefore, most recent results
and developments will be presented at the symposium by experts from different
institutions including clinics, research entities, and companies, and will cover
various aspects of regenerative medicine and tissue engineering, including
biology, pharmacy, biomaterial science and clinical applications.
Acknowledgement goes to all speakers who offered to share their valuable
knowledge, to all the sponsors and donators, to Department of Orthopedics for
the technical support, and last but not least, to all the participants who
responded to our call.
We hope and believe that the symposium will present a fruitful platform for the
exchange of knowledge, further progressing of the field of regenerative medicine
in Slovenia, and will offer you a pleamant day and possibility to meet with old
and make new friends.

Organizing committee
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GENERAL INFORMATION
Symposium Organizer
Cell and Tissue Engineering Society of Slovenia
www.dctis.si
Venue
Faculty of Medicine, University of Ljubljana, Korytkova 2, Ljubljana, Slovenia
Large Lecture Hall at the Ground Floor
Language
The official language of the symposium is English.
Registration
All attendees must be registered for the symposium. Admission to the
conference and social events is permitted only to those wearing the official
conference badge. The registration desk is open from 8:00 am to 6:00 pm.
Coffee / Lunch
Coffee and lunch is avaliable for all the registered participants.
Certificate of Atendence
A Certificate of Attendance will be available to all registered participans on
request from the registration desk.
Social events
Concert by Vocal group: Vox medicorum
All participants are kindly invited to the Concert performed by Vocal group
Vox medicorum, which will be held in the lobby at the Ground Floor of
Faculty of Medicine, during the afternoon coffe break, at 4:20 pm.
Guided tour of Ljubljana
A city tour will be organized on Saturday, 18th April 2015. The meeting point
is  at  Prešeren Square at 10:00 am. Hopefully you will join us for enjoying the
sights of Ljubljana and for further exchanging of knowledge and networking
in the relaxing atmosphere.
Additional information
Cell  and  Tissue  Engineering  Society  of  Slovenia,  Zaloška  9,  1000 Ljubljana.
WEB: www.dctis.si, E-mail: dctis.ctess@gmail.com,
mirjam.frohlich@gmail.com Web site: http://www.dctis.si
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PROGRAMME
8:00 – 9:00

REGISTRATION

9:00 – 9:10
OPENING
Damjan   Radosavljević,   President of CTESS, and   Vane   Antolič,   Head of
Department of Orthopedic Surgery, University Medical Centre, Ljubljana,
Slovenia
9:10 – 10:40

PLENARY SESSION

Tissue Repair: from Tissue Engineering to Regenerative Medicine
Ranieri Cancedda, Universita' di Genova & IRCCS AOU San Martino - IST,
Istituto Nazionale per la Ricerca sul Cancro, Genova, Italy
Challenges along the Translational Road to Bladder Tissue Engineering
Jennifer Southgate, Jack Birch Unit of Molecular Carcinogenesis,
Department of Biology, University of York, York, United Kingdom
10:40 – 11:10 COFFEE BREAK
11:10 – 13:10 SESSION I: CLINICAL RESEARCH AND APPLICATIONS
(Chairs: Matej Drobnič,  Matevž  Gorenšek)
Current Treatment Options for Early Osteoarthritis
Francesco Perdisa, Biomechanics Laboratory, II Orthopaedics and
Traumatology Clinic, Rizzoli Orthopaedic Institute, Bologna, Italy
Treatment of Osteoarthritis with Freshly Isolated Stromal Vascular
Fraction Cells from Adipose and Connective Tissue
Jaroslav   Michálek, International Consortium for Cell Therapy and
Immunotherapy and Cellthera Ltd, Brno, Czech Republic
Clinical Experience with Cartilage Repair over 15 Years
Matej   Drobnič,   Department   of   Orthopedic   Surgery,   University   Medical  
Centre, Ljubljana, Slovenia
Future of Artificial Vascular Grafts
Vojko Flis, Department of Vascular Surgery, University Medical Centre
Maribor, Maribor, Slovenia
Long Term Efficiency of Vesicoureteral Reflux Treatment with
Autologous Cell Implantation
Andrej Kmetec, Urologic Clinical Department, University Medical Centre
Ljubljana, Ljubljana, Slovenia
Stem Cells in Orthopedics: Our Experience
Dušan   Marić,   Faculty   of   Medicine,   University   of   Novi   Sad,   Novi   Sad,  
Serbia
Collection and Characterisation of CD34+ Cells Intended for
Autologous Transplantation
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Mojca  Jež, Blood Transfusion Centre of Slovenia, Ljubljana, Slovenia
Advanced Therapy Medicinal Products (ATMP) in Clinical Use
Nevenka Kregar Velikonja, Faculty of Health Sciences Novo mesto, Novo
mesto, Slovenia
13:10 – 14:25 LUNCH BREAK
14:25 – 16:15 SESSION II: PRE-CLINICAL AND IN VITRO RESEARCH
(Chairs:  Mirjam  Fröhlich,  Katerina  Čeh)
Engineering a 3D In Vitro Model of Human Skeletal Muscle
Elena Serena, Industrial Engineering Department, University of Padova,
Padova, Italy
Mesenchymal Stem Cells and Osteoarthritis
Gregor   Majdič,   Veterinary   Faculty,   University   of   Ljubljana, Ljubljana,
Slovenia
Engineering Bone-like Tissue Substitutes from Human Induced
Pluripotent Stem Cells
Darja Marolt Presen, Ludwig Boltzmann Institute for Experimental and
Clinical Traumatology, Vienna, Austria
Complexity of Urothelial In Vitro Models: Insights from the Institute of
Cell Biology
Samo Hudoklin, Institute of Cell Biology, Faculty of Medicine, Ljubljana,
Slovenia
Skeletal Muscle Regeneration Studies in In Vitro Model
Tomaž   Marš,   Institutute of Pathophysiology, Faculty of Medicine,
University of Ljubljana, Ljubljana, Slovenia
Stem Cells and Ageing
Primož   Rožman,   Blood   Transfusion   Centre   of   Slovenia,   Ljubljana,  
Slovenia
Susceptibility of Mesenchymal Stem Cells to Senescence Induction
Depends on their Origin of Isolation
Helena Motaln, Department of genetic toxicology and cancer biology,
National Institute of Biology, Ljubljana, Slovenia
Mesenchymal Stem Cells as Part of Glioblastoma Microenvironment
Enhance Glioblastoma Cells Invasion via up-regulation of Proteolytic
Enzymes
Barbara Breznik, Department of genetic toxicology and cancer biology,
National Institute of Biology, Ljubljana, Slovenia
The Effect of Human Platelet Lysate on Growth and Differentiation of
Human Chondrocytes In Vitro
Ariana  Barlič,  Educell Ltd., Trzin, Slovenia
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16:15 – 16:45 COFFEE BREAK / CULTURAL PROGRAMME: VOX MEDICORUM
Immunosuppressive Activity of Mesenchymal Stem Cells
Matjaž   Jeras,   Faculty   of   Pharmacy,   University   of   Ljubljana,   Ljubljana,  
Slovenia
Towards a Defined, Serum- and Feeder-layer Free Culture of Human
Limbal Stem Cells for Ocular Surface Reconstruction
Zala  Lužnik,  Eye  Hospital,  University  Medical  Centre,  Ljubljana,  Slovenia
SESSION III: BIOMATERIALS AND DRUGS IN REGENERATIVE MEDICINE
(Chairs:  Mateja  Erdani  Kreft,  Primož  Rožman)
What are the main Characteristics of Scaffolds for Hard Tissue
Regeneration?
Saša   Novak,   Department for   Nanostructured   Materials,   Jožef   Stefan  
Institute, Ljubljana, Slovenia
Scaffold Biocompatibility with Respect to Biopolymer Mobility and Cell
Adhesion Dynamics
Rok Podlipec, Laboratory of Biophysics, Condensed Matter Physics
Department,  Jožef  Stefan  Institute,  Ljubljana,  Slovenia
Trophic Factors Delivered by Cell-based Device Promote Wound
Healing
Lucija Kadunc, Department of Biotechnology, National Institute of
Chemistry, Ljubljana, Slovenia
The Cultivation of Mesenchymal Stem Cells on Microcarriers in a
Stirred Bioreactor Retains their Stem Cell Qualities
Katja   Kološa, Department of genetic toxicology and cancer biology,
National Institute of Biology, Ljubljana, Slovenia
First Results of Ex Vivo Limbal Explant Culturing in Slovenia: Amniotic
Membrane Serving as an Ex Vivo Limbal Epithelial Stem Cell Niche
Petra Schollmayer, Eye Hospital, University Medical Centre, Ljubljana,
Slovenia
18:25

18:30

Closure
Mirjam   Fröhlich,   President   of   CTESS   Symposium   2015,   Department   of  
Biochemistry   and   Molecular   and   Structural   Biology,   Jožef   Stefan  
Institute, Ljubljana, Slovenia
Farewell

SATURDAY, 18 April 2015
10:00 – 12:00 Guided  tour  of  Ljubljana  (Meeting  point:  Prešeren  Square)
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Tissue repair: from tissue Engineering to Regenerative Medicine
Ranieri Cancedda*, Fiorella Descalzi, Claudia Lo Sicco, Maddalena Mastrogiacomo,
Alessandra Ruggiu, Roberta Tasso, Valentina Ulivi
Universita' di Genova & IRCCS AOU San Martino - IST, Istituto Nazionale per
la Ricerca sul Cancro, Largo Rosanna Benzi 10, 16132, Genova, Italy
* Corresponding author: ranieri.cancedda@unige.it

Since the end of the last century, major progresses have been made with regard to the
transplant   of   “ex   vivo”   expanded   autologous stem/progenitor cells, in most cases
associated to a biomaterial carrier. However, with few exceptions, this therapeutic
approach never really took-off. There are scientific aspects, such as vascularization of
large   size   implants,   identification   of   the   “optimal”   source   of   cells   and   the   “optimal”  
biomaterial carrier that require further investigations. Moreover, additional bottlenecks
are: i) the logistic of collecting from patients, expanding in culture and returning the
cells to the surgical theater; ii) the high cost of the culture procedure within the GMP
facilities required by the strict rules defined by National and European Regulatory
Agencies.
The rapidly increasing knowledge about the physiological response of the body to injury
and the signaling pathways activated during the healing process suggest that the human
organism itself could provide the crucial elements needed for tissue repair and
regeneration.  Therefore,  it  appears  that  a  “classical”  tissue  engineering  approach  should  
be considered only in extreme critical situations and that new therapeutic strategies,
mimicking the natural wound healing microenvironment to stimulate the intrinsic
endogenous potential of a tissue to heal or regenerate, should be developed. This could
make possible that a large number of patients could benefit of a reduced morbidity and
recovery time.
We   propose,   an   “off   the   shelf”   product,   obtained   by   the   integration   of   a   biomaterial  
scaffold   with   a   Platelet   Lysate   (PL),   as   source   of   growth   factors   in   the   “right”  
composition   and   in   the   “right”   concentrations   as   well   as   with   stem   cell   conditioned  
culture medium or released microvesicles. The identification of putative peripheral
blood-derived pluripotent populations recruited to the wound site and their role in the
tissue repair/regeneration process will be also discussed.
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Challenges along the Translational Road to Bladder Tissue
Engineering
Jennifer Southgate
Jack Birch Unit of Molecular Carcinogenesis, Department of Biology, University of York, Heslington, York
YO10 5DD, UK

The urinary bladder is comprised of a compliant smooth muscle wall lined by a highly
specialised barrier epithelium, the urothelium. The main function of the bladder is to
store urine at safe pressures prior to voiding. Disease or damage to the bladder can
result in loss of bladder capacity and compliance, leading to chronic incontinence and
renal damage. Although segments of vascularised bowel may be used to improve
bladder capacity and compliance, the surgical procedure of enterocystoplasty is
associated with serious complications arising from the long term exposure of bowel
epithelium to urine. Therefore, we and other groups are exploring alternative
procedures for bladder reconstruction involving biomaterials and tissue engineering.
At the University of York, we have developed robust methods to isolate normal human
urothelial (NHU) cells from surgical specimens and to propagate the cells in serum-free
culture conditions. This enables us to generate experimentally- and clinically-useful
numbers of cells, but which are poorly differentiated. We have identified culture
conditions and key signalling pathways required to induce urothelial differentiation,
leading  to  the  development  of  a  “biomimetic”  urothelium  that  displays  near-equivalent
molecular and functional features to urothelium in situ [1]. The procedure of
“composite  cystoplasty”  using  autologous  in  vitro-generated biomimetic urothelium has
been tested successfully in a proof of concept surgical model [2].
As we move to the clinical translation of composite cystoplasty, new challenges are
emerging. In particular, the poor quality of autologous urothelium available for harvest
from patients with end-stage bladder disease means that we may have to identify
alternative sources of cells [3]. Patient-derived induced pluripotent stem (iPS) cells may
offer a future solution, but this predicates on being able to induce iPS cells to form
urothelium that is functional and safe over the lifetime of the patient.
References
[1] Cross et al. A biomimetic tissue from cultured normal human urothelial cells: analysis
of physiological function. Am J Physiol Renal Physiol, 289, 2005.
[2] Turner et al. Transplantation of autologous differentiated urothelium in an
experimental model of composite cystoplasty. Eur Urol, 59, 2011.
[3] Subramaniam et al. Tissue engineering potential of urothelial cells from diseased
bladders. J Urol, 186, 2011.
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Current treatment options for early osteoarthritis
Francesco Perdisa1*, Giuseppe Filardo1, Maurilio Marcacci1, Elizaveta Kon1
1

II Clinic - Biomechanics Laboratory; Rizzoli Orthopaedic Institute, Bologna, Italy
* Corresponding author: francesco.perdisa@ior.it

Articular cartilage has very little self-repairing ability, thus even isolated cartilage
injuries can lead to progressive tissue loss and dysfunction. This lack of effective tissue
repair also contributes to the widespread degeneration of the joint associated with
osteoarthritis (OA). In this background, “Early   Osteoarthritis   (EOA)”   has   been   defined  
combining clinical, imaging and surgical parameters, with the aim to identify patients in
early degenerative phases, who might benefit from the use of available regenerative
procedures. The current clinical practice of orthopaedics presents several emerging
options for the treatment of this kind of patients.
In fact, metal resurfacing can provide a high success rate and satisfaction for older
patients with osteoarthritis (OA), however, high functional demand and longer life
expectancy of young patients are an issue for joint arthroplasty, providing an
opportunity for the development of new therapeutic approaches. On the other hand,
regenerative procedures for the treatment of cartilage defects have traditionally been
excluded in OA patients, because of the poor expected results. However, leaving
degenerative defects untreated accelerates the rate of cartilage loss and early OA
patients, too young for joint replacement, might  benefit  from  “conservative”  biological  
treatments and even surgical restoring of the articular surface in case of focal articular
defects in OA joints.
To  establish  “Early”  OA  joints,  aims  at  better  focusing  and  identifying  patients  before  the  
“point  of  no  return”.  This  might  be  a  key  aspect  for  a  positive  clinical  result.  This  paves  
the way to successfully defining a patient category with older age but who can still
benefit from biological procedures to improve symptoms and delay further joint
degeneration.
A thorough knowledge of degenerative processes that affect the whole joint
degenerative enviroment is key to develop integrated treatments, able to improve the
obtainable clinical outcome by addressing both the intra-articular homeostasis and the
damaged articular surface.
References
[1] Kon E, Filardo G, Marcacci M. Early osteoarthritis. Knee Surg Sports Traumatol Arthrosc. 2012
Mar;20(3):399-400.
[2] Gomoll AH, Filardo G, de Girolamo L, Espregueira-Mendes J, Marcacci M, Rodkey WG, Steadman JR,
Zaffagnini S, Kon E. Surgical treatment for early osteoarthritis. Part I: cartilage repair procedures. Knee Surg
Sports Traumatol Arthrosc. 2012 Mar;20(3):450-66.
[3] Kon E, Filardo G, Drobnic M, Madry H, Jelic M, van Dijk N, Della Villa S. Non-surgical management of early
knee osteoarthritis. Knee Surg Sports Traumatol Arthrosc. 2012 Mar;20(3):436-49.
[4] Luyten FP, Denti M, Filardo G, Kon E, Engebretsen L. Definition and classification of early osteoarthritis of
the knee. Knee Surg Sports Traumatol Arthrosc. 2012 Mar;20(3):401-6.
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[5] Filardo G, Madry H, Jelic M, Roffi A, Cucchiarini M, Kon E. Mesenchymal stem cells for the treatment of
cartilage lesions: from preclinical findings to clinical application in orthopaedics. Knee Surg Sports Traumatol
Arthrosc. 2013 Aug;21(8):1717-29.

Treatment of osteoarthritis with freshly isolated stromal vascular
fraction cells from adipose and connective tissue
Jaroslav Michalek
International Consortium for Cell Therapy and Immunotherapy and Cellthera, Ltd.

Therapy of osteoarthritis relies on non-steroid analgesics, chondroprotectives and in
late stages total joint replacement is considered a standard of care. We performed a
pilot study using novel stem cell therapy approach that was performed during one
surgical procedure. It relies on abdominal lipoaspiration and processing of connective
tissue to stromal vascular fraction (SVF) cells that typically contain relatively large
amounts of mesenchymal stromal and stem cells. SVF cells are injected immediately to
the target joint or to the connective tissue of the target joint. Since 2011, total of 1128
patients have been recruited and followed for up to 42 months to demonstrate the
therapeutical potential of freshly isolated SVF cells. At the same time, one to four joints
(knees and hips) were injected with SVF cells per patient. A total number of 1856 joints
were treated. Clinical scale evaluation including pain, non-steroid analgesic usage,
limping, extent of joint movement and stiffness was used as measurement of the clinical
effect. All patients were diagnosed with stage II-IV osteoarthritis using clinical
examination and X-ray, in some cases MRI was also performed to monitor the changes
before and after stem cell therapy. After 12 months from SVF therapy, at least 50%
clinical improvement was recognized in 91%, and at least 75% clinical improvement in
63% of patients, respectively. Within 1-2 weeks from SVF therapy 72% of patients were
off the non-steroid analgesics and most of them remain such for at least 12 months. No
serious side effects, infection or cancer was associated with SVF cell therapy. In
conclusion, here we report a novel and promising therapeutical approach that is safe,
cost effective, and relying only on autologous cells.
This work was supported in part by the International Consortium for Cell Therapy and
Immunotherapy (www.iccti.eu) and Czech Ministry of Education Grant No.
CZ.1.07/2.3.00/20.0012.
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Clinical experience with cartilage repair over 15 years
Matej  Drobnič,  Klemen  Stražar,  David  Martinčič,  Damjan  Radosavljevič
Department of Orthopedic Surgery, University Medical Centre Ljubljana, Slovenia

The autologous chondrocyte implantation has been used at the Department of
Orthopedic Surgery in Ljubljana over 15 years. This is a two stage procedure that starts
with an arthroscopic cartilage biopsy. Cells are further cultivated in the laboratories of
tissue bank Educell, Ljubljana. 250 patients were treated with combinations of
autologous chondrocytes and scaffolds, with good to excellent results ranging from 74
to 93%. The main points we have learned during the continues follow-up in a patient
registry are: better results in younger patients with localized non-degenerative lesions,
strict adherence to knee unloading and ligament reconstruction, better results with
minimally invasive approach, necessity to address subchondral bone pathology if
present, and customized post-operative rehabilitation according to the graft
characteristics.

A novel approach with mesenchymal stem cells from the bone-marrow concentrate has
been for one year. This is a one stage procedure that can be completed within the
surgical procedure or even in an outpatient setting. First, 20 mL of bone marrow
aspirate is procured from the iliac creast (bone needles from Biologic Therapies, USA).
This BM aspirate is then filtered through mesenchymal stem cell separation device
CellEffic BM (Kaneka, Japan). The number of MSC that can be separated from human
bone marrow and harvested with this device is two and a half to four times more than
the conventional method. The cells concentrate is added to an osteochondral scaffold or
fibrin glue to treat localized lesions. Eight patients were treated with positive short term
results.

The addition of active cells seems a prerequisite for a successful cartilage repair. The
technology with autologous chondrocyte implantation has been proven as a gold
standard for the treatment of mid-sized  to  large  cartilage  lesions.  In  spite  of  its’  safety  
and efficacy, this method is logistically and regulatory demanding. We therefore believe,
that is going to be largely replaced by the bone marrow stem cells, such as the ones
prepared by the mesenchymal stem cell separation device.
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Future of synthetic vascular grafts
Vojko Flis
Department of vascular surgery, Surgical clinic, University hospital Maribor, Slovenia

Current options for vessel replacements are either autologous vessels or synthetic
materials. Synthetic materials, despite being readily available and relatively inexpensive,
are associated with poor long term results (thrombogenicity and neo-intima formation)
in small diameter vessels. In general autogenous grafts are still the gold standard for
vessel replacement procedures. However in about one-third of patients vein grafts are
not available in adequate size or are diseased. Vascular tissue engineering holds promise
for the development of better small diameter substitutes, however the technology
behind current synthetic grafts in clinical use is several decades old. Despite the vast
numbers of materials described and tested at a preclinical level, the diversity of
materials actually approved for and used in a clinical setting is very limited. Vascular
grafts must fulfill several functional and clinical criteria. Among functional criteria the
most important are non toxicity, similarity to native vessels, strongness (burst and
tensile), biostability, suturability, resistancy to infection and long term patency. Among
clinical criteria probable the most important is of-the shelf availability in various sizes.
The current state -of -the- art strategies to improve the quality of synthetic grafts could
be artificially divided into three research areas (intentionally omitting genetic
engineering): search for new synthetic materials, development of biohybrid or
approaches (for example - design of synthetic grafts with partially biologic components
to mimic blood vessels natural properties or combination of synthetic materials with
pharmacologic agents) and design of tissue engineered blood vessels (TEBV). At the
center of the TEBV paradigm lies in vitro manipulation of cells and tissues to generate a
new and fully functional bio-vessel, capable of remodeling and growth. Author will
describe some current concepts and design criteria for synthetic, biohybrid and TEBV
vascular grafts and discuss their potential use in clinical settings with a conclusion that
the perfect vascular graft is yet to be discovered.
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Long Term Follow-Up of Vesicoureteral Reflux Treatment with
Autologous Cell Implantation
Andrej Kmetec1, Nevenka Kregar Velikonja2,3
1

Department of Urology, University Medical Centre Ljubljana, Ljubljana, Slovenia,
2
Faculty of Health Sciences Novo mesto, Na Loko 2, 8000 Novo mesto, Slovenia
3
Educell d.o.o., Prevale 9, 1236 Trzin, Slovenia
* Corresponding author: andrej.kmetec@kclj.si

Aim of the study: Vesicoureteral reflux (VUR) is retrograde flow of urine from the
bladder to the kidneys and can cause kidney failure or pyelonephitis. Treatment of VUR
is an important phase in preparation for kidney transplant. Implantation of autologous
cultured elastic cartilage cells has proved to be a successful approach for treatment of
high grade VUR in patients with chronic renal failure and abandon surgical treatment
[1]. This study was performed to evaluate long term results of the treatment and obtain
patients’  attitude  towards  treatment  and  their  quality  of  life  after  treatment.
Methods: Since 2002, 18 patients with chronic renal failure and VUR grade III-V, having
repetead pyelonephritis, were treated with implantation of autologous cultured
cartilage cells in University Medical Centre Ljubljana. After successful reduction of VUR,
kidney transplantation was performed. The questionares were sent to patients to obtain
information about their health status, their opinions about the VUR treatment and to
assess their quality of life.
Results: 10 patients (5 men, 5 women) responded to the survey: time from VUR
treatment 4-13 years (average 9,2 years). The obtained results confirm the long-term
treatment success and highlight aspects that affect the long-term effects of treatment.
One patient reported surgical treatment as a consequence of unsuccesful VUR
treatment with endoscopic cell implantation. They evaluate the impact of kidney
transplantation on their health status as more important in comparison to VUR
treatment. 9/10 patients report health problems related to primary disease (uroinfects,
systemic infections, reduced function of transplanted kidney). However, the patients
highly evaluated their quality of life. They report stabile health condition during last
year.
Conclusions: Every medical technology should be properly evaluated in long term time
scale. The aspects of the clinical efficacy, safety, technical and organizational
sustainability, ethical, legal and economic issues as well as the contribution in relation to
the existing technology should be considered [2]. One of the important aspects is the
monitoring of the quality of life of patients. Long term follow-up of VUR treatment with
autologous chondrocyte implantation shows stable long term treatment results
although exact clinical status could be obtained only with additional contrast
cystography examination.
Acknowledgement
A part of this investigation was performed within research program P3-0371: Človeške  
matične  celice-napredno zdravljenje s celicami II, financed by Slovenian research agency.
References
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[1] Kmetec,  A.,  Bonaca,  O.,  Gorenšek,  M.  &  Kregar  Velikonja,  N.,  2007.  Treatment  of  vesicoureteral  reflux  by  
aurologous   chondrocyte   implantation   in   kidney   transplantation   candidates.   In:   M.   Gorenšek,   N.   Kregar  
Velikonja, eds. Tissue engineering and cartilage repair: from basic science to clinical application. Ljubljana,
Educell, pp. 102-106.
[2] Turk, V. & Prevolnik Rupel, V., 2010. Vrednotenje zdravstvenih tehnologij (HTA) v Sloveniji – status quo,
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Stem cells in orthopedics: our expirience
Dušan  Marić
Institute for Child and mothers health, University Clinic for Pediatric Surgery, Novi Sad, Serbia
Cathedra for Regenerative Medicine.,Medical Faculty, Novi Sad.Serbia
Phone: +381638098966
* Corresponding author: ducamaric@gmail.com

Aim of the study
To show the possibilities and potential of stem cells in orthopedics with our experience.
Materials and methods
We based our research in 3 different clinical fields: treatment of cartilage
reconstruction, chronic wound treatment, and Clinical Studies with cerebral palsy pilot
project.
1.cartilage reconstruction is based on stem cell transfer on the hyaluronic based
scaffold; chronic wound treatment.
2.The chronic wound treatment is based on the stem cell transfer on the thrombin
plasma gel with spherical injection of the stem cell around the wound along the
neurovascular structures.
3.Cerebral palsy as pediatric specific condition is approached multidisciplinary with
exact transfer of mesenchymal stem cell twice during period of project.
In laboratory investigations we based our experiments in modulation of stem cell
signaling by giving morphogenetic information to the stem cell itself. This process we
call bioinformatic engineering. We take sample of morphogenetic field with three
different   electromagnetic   waves:   we   “scan”   the   DNA   via   electromagnetic   bar   coding.  
According to the proper information we try to influence the mesenchymal stem cell to
transfer in to desired stem cell lineage. Our presumption is that electromagnetically
DNA has not two but three chains. The third is virtuel, is formed by the previous two
chains, as a logical part of accord, and that is the music of the genetics. It is hidden
genetics. The information that we transfer to tissue is harmonic information of healthy
cell or tissue. This information reacts with cellular receptors and starts the generation of
cellular voltage and vibrations that are specific for each tissue or cell.
Results
We present our experience and basic protocols for treatments.
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Collection and characterisation of CD34+ cells intended for
autologous transplantation
Mojca  Jež,  Elvira  Maličev,  Metka  Krašna,  Jasmina  Živa  Černe,  Marko  Cukjati,  
Primož  Rožman
Blood Transfusion Centre of Slovenia,  Šlajmerjeva  6,  1000  Ljubljana

Background: Autologous transplantation of peripheral blood CD34+ cells is a promising
approach for stem cell therapies, including dilated cardiomyopathy. Immunomagnetic
cell isolation by targeting the CD34 antigen allows the enrichment of CD34+ cells from
leukapheresis product. The number and viability of CD34+ cells is crucial but additional
informative immunophenotype markers could also improve the clinical outcome.
Aim: The aim of the study was to investigate the efficacy of the cell collection procedure
by calculating the purity and recovery of CD34+ cells. As precise CD34+ cell
characterisation is lacking, additional cell surface markers on CD34+ enriched grafts
were analyzed.
Methods: The study included 41 adult patients (collected in year 2014 and 2015) with
dilated cardiomyopathy. Bone marrow cells were mobilized by granulocyte colonystimulating factor and collected via leukapheresis. CliniMACS System was used for
CD34+ immunomagnetic isolation. Samples were taken before and after enrichment
process and the quantification of CD34+ cells and their viability were performed by
ISHAGE protocol using single platform for flow cytometry. The expression of CD133 and
CD184 on CD34+ cells after immunomagnetic selection was also determined.
Results: The  CD34+  cells  were  highly  viable  after  leukapheresis  (98.4  ±  1.4%)  and  after  
immunomagnetic   procedure   (99.2   ±   0.4   %).   The   average   CD34+   cell   purity increased
from  (0.81  ±  0.4%)  in  leukapheresis  products  to  (90.4  ±  14.0%)  in  final  cell  suspensions.  
The  average  recovery  of  CD34+  cells  was  (59.5  ±  13.6%).  Coexpression  of  CD34/CD133  
was  in  average  (85.6  ±  7.4%) while coexpression of CD34/CD184 was much  lower  (20.7  ±  
12.3%).
Conclusions: In conclusion, our data indicates that positive immunomagnetic selection
of CD34+ cells after leukapheresis results in cell grafts of highly viable CD34+ stem and
progenitor cells. This selection protocol, despite the efficiency of the isolation in average
not exceeding 60%, also provides large numbers of cells required for cell therapies. In
the common clinical practice haematopoietic stem cells are still detected on the basis of
the expression of CD34 antigen though is important to know that CD34+ cells represent
a heterogeneous population. Therefore additional markers like CD133 and CD184 can
distinguish various supopulations with distinctive clinical effect
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The field of cell therapies is being developed in the last 20 years. In 1994, the first
publication about implantation of autologous cartilage cells was published by Brittberg
et al. Regulation in the EU that sets standards and procedures for the registration of
advanced therapy medicinal products has come into force at the end of 2008
(Regulation (EC) 1349/2007). After two decades of intensive development, which was
stimulated by the important discoveries in the field of stem cells, only few products
reached the market [1].
In March 2015, there are three cell based medicinal products with marketing
authorisation and published European public assessment reports in EMA registry:
Provenge, ChondroCelect and Holoclar. During last year (March 2014 – March 2015),
one medicinal product was registered (Holoclar), one application was withdrawn (for
product OraNera) and one marketing authorisation was suspended (for product Maci).
[2]
Several producers in Europe have chosen a different regulatory pathway and registered
products as an orphan medicinal product. In the orphan drugs registry of EMA there are
records for 86 cell therapies (EMA orphan drugs for rare diseases, 03/23/2015). Among
these there are 31 cases of autologous cells, 53 allogenic cells, one immortalised line
and one embrionic stem cell line. In 21 of these cases, the products are intended for
gene therapy. In field of orphan drugs there is a significant progress recorded in last year
since only 21 cases of orphan cell products were recorded in registry of EMA in March
2014. [2]
Nevertheless, so called hospital exceptions are another option for use of cell products in
clinics. Such products are not the subject of EMA marketing authorisation and their use
is allowed within national markets under supervision of national competent authorities.
Acknowledgement
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Cells cultured on flat substrates differ considerably in their morphology, cell-cell/cellmatrix interaction, and differentiation from those in the physiological 3D environments1.
We aimed to engineer a 3D human skeletal myofibers in vitro for: i) studying human
myogenesis in an in vivo-like physiological microenvironment, ii) developing 3D
implantable myofibers for repairing muscle defects.
To achieve myoblasts spatial organization and alignment, we designed a soft hydrogel
(HY) scaffold with 3D parallel micro-channels   (100µm   in   diameter,   10-15mm long)
functionalized   with   Matrigel®.   The   chemical   composition   of   the   HY   was   optimized   in  
order to obtain physiological mechanical   properties   (elastic   modulus   ≈   12±4   kPa).  
Human  myoblasts  (1÷3•104 cells/channel) were cultured into the micro-channels for 10
days. Poly-acrylamide HY was used for in vitro studies, while hyaluronic acid HY for in
vivo experiments.
After 10 days of culture, we obtained tightly packed human myotubes bundles,
expressing   myosin   heavy   chain,   α-actinin and dystrophin. We observed spontaneous
contractions of these bundles. The transcriptome (RNA seq) of our 3D myotubes
bundles showed greater similarity to adult skeletal muscle tissue transcriptome, when
compared to 2D cultured cells.
Myotubes bundles could be easily manipulated for surgical implantation. GFP+ve muscle
precursors cells were cultured into the channels and implanted in the tibialis anterioris
of syngenic wilde type mice. After 2 weeks, the HY scaffold was completed degraded,
without forming fibrous tissue, and implanted cells migrated from the implantation site
and gave rise to newly formed myofibers.
Taken together, these results show that the 3D HY scaffold well simulates in vitro the
physiological cell environment, while in vivo studies showed an optimal degradability of
the HY and the integration within host tissue.
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Mesenchymal stem cells and osteoarthritis
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Mesenchymal stem cells are adult stem cells found in different adult tissues such as
adipose tissue, bone marrow, and also umbilical blood. Mesenchymal stem cells are
capable of differentiation into bone, cartilage and adipose tissue, and several reports
also suggest that mesenchymal stem cells might be capable of transdifferentiation into
muscle and neural cells. In addition to differentiation potential, mesenchymal stem cells
might have other beneficial properties for pathological processes and studies in recent
years suggest that mesenchymal stem cells might have immunomodulatory,
antiinflamatory and trophic actions, contributing to healing process in injured/diseased
tissues. Osteorthritis is a chronic, progressive disorder with debilitating effects in both
animals and humans. It is particularly common in some dog breeds, but also fairly
common in humans. Currently, there is no cure for such conditions, but studies in recent
years in both human and veterinary medicine suggest that mesenchymal stem cells
might have beneficial effect on chronic osteoarthritis. In our laboratory, we have
developed a novel method of treating osteoarthritis using autologous adipose tissue
derived  mesenchymal  stem  cells  in  dogs.  Stem  cells  are  collected  from  patients’  adipose  
tissue, prepared in the laboratory and injected directly into affected joint(s). To prove
the efficacy if this method, we have performed blind placebo study in dogs with bilateral
osteoarthritis in knees, by treating one knee with stem cells and other knee with
placebo (buffer used for cell delivery). Results of clinical examination revealed beneficial
effect of stem cell treatment in osteoarthritic knees and x-ray imaging, and although
with important limitations, results do suggest that degenerative processes in the knees
treated with stem cells were limited or even reversed by the application of stem cells.
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Introduction: Tissue engineering of viable bone substitutes represents a promising
therapeutic strategy to mitigate the burden of bone deficiencies. Human induced
pluripotent stem cells (hiPSCs) have an excellent proliferation and differentiation
capacity, and represent an unprecedented resource for engineering of autologous tissue
grafts, as well as advanced tissue models for biological studies and drug discovery. A
major challenge is to reproducibly expand, differentiate and organize hiPSCs into
mature, stable tissue structures. The objectives of the current study were to 1) engineer
patient-specific bone grafts using hiPSCs derived from different tissues using nonintegrating reprogramming vectors in an osteoconductive scaffold – perfusion
bioreactor culture model, and 2) evaluate tissue stability and molecular changes
associated with perfusion culture.
Methods: hiPSC lines were karyotyped, characterized for pluripotency and induced into
the mesenchymal lineage. Mesenchymal progenitors were probed for surface marker
expression and differentiation potential, and cultured on decellularized bovine scaffolds
in perfusion bioreactors for 5 weeks. Global gene expression profiles were evaluated
prior and after bioreactor culture. Bone development was investigated by biochemical
and histological evaluations and CT imaging during the bioreactor culture and after 12week subcutaneous implantation in immunodeficient mice.
Results: Differences in gene and surface marker expression profiles of hiPSC-derived
mesenchymal progenitors corresponded to dissimilar differentiation abilities. Bioreactor
culture resulted in repression of genes involved in proliferation and tumorigenesis, and
formation of mature and phenotypically stable bone-like tissue. Engineered bone-like
tissue displayed stable phenotype after 12-week implantation in vivo, with cells of
human origin, ingrowing vasculature and osteoclasts, suggesting an initiation of tissue
remodeling.
Conclusion: Our biomimetic strategy opens the possibility for unlimited construction of
patient-specific bone grafts and generation of qualified models to study bone biology
and test drugs using selected pools of hiPSC lines.
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Urothelial in vitro models: insights from the Institute of Cell Biology
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Urothelium is a stratified epithelium that lines the urinary tract from the renal pelvis to
the proximal urethra, including urinary bladder. Although the urothelium is a
multifunctional epithelium also involved in sensory transduction, the maintenance of
the blood-urine barrier is its most crucial function and essential for the normal
functioning of all mammals1. The functionality of the normal urothelium is acquired in
the process of cell differentiation, characterized by the formation of tight junctions and
by the synthesis, transport and organization of specific transmembrane proteins (i.e.
uroplakins) into the luminal plasma membrane. Regardless of the urothelial
impermeability, toxins, uropathogens and alternative differentiation pathways,
frequently   compromise   the   bladders’   function;   in   some   cases   to   the   degree   that  
significant surgical procedures (e.g. cystectomy) are needed. To recover functions of
compromised urinary bladders, regenerative medicine is endeavoring to provide vital
solutions and urothelial in vitro models play an important role in achieving that.
In the talk, we are going to present advances in the establishment, characterization and
application of urothelial in vitro models propagated at the Institute of Cell Biology.
Based on the complexity and the purpose of the models, we divide them into three
groups: i) to study basic cellular processes, ii) to provide platforms for testing
therapeutic drugs and biomedical materials, and iii) to be used for translational studies
in urology. The first group, in the combination with the studies on experimental animals,
provides us to understand the characteristics of normal, pathological and regenerating
urothelial cells in vivo and in vitro. Based on that, we established in vitro models, which
are characterized to the level that can be used in the interdisciplinary studies and in the
pharmaceutical research (e.g. for delivery of functionalized nanoparticles, therapeutic
genes or drugs)2. At the highest level of complexity are urothelial constructs (e.g. based
on amniotic membrane scaffolds), which could be potentially applicable for in vivo
transplantations in human urology3.
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Efficient skeletal muscle regeneration is essential process for maintenance of skeletal
muscle mass and function throughout a lifespan of human organism. Skeletal muscle
regeneration is multistep process and is essentially a recapitulation of embryonic
myogenesis. It starts with activation, proliferation and differentiation of satellite cells,
which are dormant, metabolically inactive mononuclear precursor cells lying between
basal lamina and muscle plasma membrane. Different stimuli, including overloading,
denervation, direct injury to muscle fibers, or different clinical conditions trigger
regeneration process by activating muscle satellite cells. Satellite cells transform into
proliferating myoblasts which further fuse into myotubes. Early stages of human muscle
regeneration (myoblast proliferation, myotubes formation and innervation) can be
studied in vitro in experimental model. In our in vitro experimental model muscle cells
originate from satellite cells released by trypsinization from muscle tissue pieces,
mononucleated myoblasts which then proliferate and at certain density start to fuse and
form multinucleated myotubes can be eventually functionally innervated. Thus this
model is suitable for studying not only muscle development but also muscle
regeneration. In our studies in in vitro experimental model of regenerative human
muscle cells we showed that myoblast proliferation and differentiation can be
influenced and modulated by different factors and conditions like agrin, hypoxia. These
factors and conditions can interfere with processes in muscle cell, like cytokine secretion
and release. New knowledge about molecular mechanism involved in these effects may
lead to novel approaches in stimulating regenerative capacity of skeletal muscle.
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Stem cells and Aging
Primož  Rožman
Blood Transfusion Centre of Slovenia, Šlajmerjeva  6,  1000  Ljubljana

Stem cells persist throughout life in numerous mammalian tissues, replacing cells lost to
homeostatic turnover, injury, and disease. However, stem cell function declines with age
in a number of tissues, including bone marrow, blood and other tissues. These declines
in stem cell function may contribute to degeneration and dysfunction of various organs.
The age-related decline is mainly functional, but in some cases, decline in stem cell
numbers can be observed. Like in other cells, decline in stem cell function during aging
is precipitated by radical oxygen species (ROS), telomere shortening, DNA and
mitochondrial damage. Similarly to the stem cells themselves, their microenvironment –
i.e. niche - consisting of MSCs, stromal cells, osteoblasts, adipocytes, and other cells,
changes substantially with age.
Being a complex multifactorial process, aging leads to the senescence of the immune
system characterized by defects of various immune cell compartments (macrophages,
neutrophils, lymphocytes B and T, and NK cells), which further results in chronic
inflammation and an impaired natural defense. Various deffects are found, such as
macrophage   activation,   decrease   of   naïve   immune   cells,   impaired   NK-cell cytotoxic
capacity, decreased production of cytokines and chemokines by activated NK-cells,
impaired response of DCs, decreased chemotactic capacity of neutrophils, impairment in
numbers and function of B-cells, lower responsiveness to vaccination, impaired function
of T-cells, shrinkage of T-cell repertoire, expansion of memory cells, and decrease of
naïve T cells, leading to different forms of immune related diseases, which shorten the
life span and longevity.
There have been tried many strategies to counteract these deficits. One of these
strategies that had not been tested on humans, due to technical obstacles and disbelief
of certain scientific and non-scientific bodies, is the autologous transplantation of young
healthy hematopoietic/immune tissues, collected in youth, to the aged individual in
need of immune reconstitution or therapeutic action due to cancer or other immune
disease of old age. Several animal studies have confirmed the proof of principle of this
concept and several others are on their way. We are confident that further scientific
evidence will prove the principle and the disease of old age will be mitigated by using
this method, leading to increased quality of life in our old age, and to a healthy
longevity.
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Background: Human mesenchymal stem cells (MSCs) have prominent potential in cellbased therapies and tissue engineering because of their ability to expand in vitro and
differentiate into different cell types under appropriate conditions. They can be
successfully isolated from various sources. However, to obtain large numbers of cells
necessary for clinical applications, MSCs often need to be expanded in culture, where
they display a limited lifespan as any normal somatic cell. During in vitro expansion,
MSCs undergo a limited number of divisions before they cease proliferation and show
characteristics of senescent cells such as an enlarged and flattened morphology, and
increased   SA   β-gal activity [1]. The senescent MSC lose their wide differentiation
potential.
Aim: Since MSCs isolated from different tissues have been shown to display variable
proliferation potential, our study aimed to resolve whether a body region as the origin
of MCSs would have the impact on adipose tissue derived MSCs (AT-MSC) senescence
tendency.
Methods: To avoid prolonged in vitro propagation of the AT-MSC, those isolated from
three distinct parts of body region (hip, thigh, and abdomen) were subjected to known
inducers of senescence – the Mitoxantron (MTX) and Trichostatin A (TSA) for 72 h. Their
proliferation index was assessed with MTT assay and the number of senescent cells per
treatment  by  SA  β-gal staining.
Results & conclusions: We showed that despite variable proliferation potential noted in
adipose tissue derived MSC lines, the AT-MSC isolated from the abdomen adipose pads,
display the highest resistance to both senscence inducers, as they displayed the smallest
proliferation change and the lowest level of senescence upon treatment. Still, the
mechanistic basis of MSC senescence remains to be defined as in vitro senescence of
MSC is likely to be pivotal for cell-based clinical applications as well as in aging research.
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Background: Glioblastoma multiforme (GBM), the most aggressive and common brain
tumour, is characterized by single GBM cell invasion into the surrounding healthy brain
parenchyma, assisted by tumour micorenvironment where mesenchymal stem cells
(MSCs) have still not clearly understood role (1,2). MSCs infiltrate into the glioblastoma
microenvironment as they are recruited from bone marrow or endogenous tissue niche
by tumour secreted cytokines and growth factors (2). If MSCs are in direct interaction
with GBM cells in vitro, they form functional as well as structural syncytium and cause
increased GBM cells invasion (3).
Aim: As the proteolytic enzymes are crucial for GBM progression (4) we wanted to
elucidate their role in direct cross-talk between bone marrow derived MSCs and GBM
cells.
Methods: MSCs and GBM cells invasion was evaluated by 3D spheroid assay, using
collagen type I, laminin and Matrigel as embedding substrate. The expression of several
proteases needed for GBM progression was analysed in directly co-cultured MSCs and
GBM cells (U87 dsRED) at gene (qRT-PCR) and protein levels (Western blot,
immunocytochemistry and flow cytometry).
Results and conclusions: Among tested candidate proteases and their receptors
urokinase plasmonogen activator (uPA) was found to be up-regulated in MSC/GBM
direct co-cultures, both at gene and protein levels. We observed increased secretion of
cathepsin B into the extracellular environment of MSC/GBM direct co-cultures, in
comparison to GBM mono-cultures. Furthermore, the expression of matrix
metalloproteinase 9 (MMP9) was up-regulated in GBM cells when they were in direct
interaction with MSCs. In conclusion, our results implicate that MSCs in cell-to-cell
contact with GBM cells increase their invasion through activation of proteolytic cascade,
involved in degradation of extracellular matrix proteins.
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Aim of the study: In this study we have evaluated the effect of LysexTM Premium platelet
lysate on growth and differentiation of chondrocytes from elastic and hyaline cartilage
cultured in monolayers. Platelet lysate is an effective substitute for human and fetal
bovine serum (FBS) in preparations of products for cell therapies [1, 2].
Materials and methods: The experiments were conducted on three biological samples
of chondrocytes from elastic and hyaline cartilage. Both types of cells were cultured at
the same plating density in 4 different media. The first media contained allogeneic
human serum, the second FBS, while the third and the fourth media contained various
concentrations of LysexTM Premium platelet lysate. When the confluence of cells
aproached 80-90%, cells were detached, counted and seeded in a new culture vessel up
to the third passage. Cell growth and morphology were monitored under the inverted
microscope. Gene expression in both types of hondrocytes was analyzed by the
quantitative reverse transcription PCR (RT-qPCR) method. The expression of genes
specific for chondrocytes from elastic (ELN, ACAN, COL I, COL II, SOX9) and hyaline
cartilage (VCAN, ACAN, COL I, COL II, SOX9) were analysed.
Results: Morphology of chondrocytes from elastic and hyaline cartilage has not changed
significantly during cultivation in monolayers in a medium containing LysexTM Premium
when compared to allogenic human serum or FBS. However, according to cummulative
population doublings chondrocytes cultured in LysexTM Premium grew much faster than
in other experimental conditions. Expression of specific genes (ACAN, ELN) in the
presence of LysexTM Premium was down-regulated in comparison to chondrocyte
cultivation in human allogenic serum. Additional dedifferentiation of these cells might
be a response to highly stimulated proliferation rate. Anyway, biological significance of
this phenomenon still has to be evaluated by redifferentiation studies in 3D
environment.
Conclusions: LysexTM Premium platelet lysate from human source is an effective
substitute for serum that supports in vitro expansion of human chondrocytes for
potential tissue-engineering applications.
Ackwledgements:
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Adult mesenchymal stem/stromal cells (MSCs) are non-hematopoietic multipotent stem
cells residing in different human tissues, for example in bone marrow, adipose and lung.
Beside their plasticity, i.e. the potential to differentiate into osteoblats, chondrocytes,
adipocytes, tendocytes, skeletal myocytes, neurons and cells of the visceral mesoderm,
these cells also exert strong anti-inflammatory properties, both in vitro and in vivo
[1,2,3]. MSCs suppress CD4+ and CD8+ T cell proliferation, B cell proliferation and their
differentiation to plasma cells, induce the generation of CD4+CD25+FoxP3+ (Treg) and
CD8+ regulatory T cells, negatively influence dendritic cell (DC) maturation, thereby
inhibiting their professional immunostimulatory function, and are also
immunossupressive   for   natural   killer   (NK),   NKT,   γδ   T   cells   and   macrophages   [2,3].   The  
mechanisms responsible for these effects are still largely unexplained. However, it is
clear that they depend on both, direct intercellular contacts and numerous different
soluble factors being produced by MSCs. Once activated by injured tissue and/or
inflammed microenvironment they begin to secrete a plethora of soluble bioactive
factors strongly opposing proinflammatory signals and effector mechanisms. These
factors are: leukemia inhibitory factor (LIF), stem cell factor (SCF), Jagged 1, TNF-α  
stimulated gene/protein 6 (TSG-6) interleukin 10 (IL-10),  transforming  growth  factor  β  
(TGF-β),   vascular   endothelial   growth   factor   (VEGF),   hepatocyte growth factor (HGF),
antagonist of IL-1 receptor (IL-1Ra), soluble HLA-G, indoleamine 2,3-dioxygenase (IDO),
nitrogen oxide (NO), prostaglandine E 2 (PGE2), and others [2,4].
MSCs as potent immunomodulators are being extensively clinically tested for treatment
of various autoimmune and chronic inflammatory diseases, such as rheumatoid arthritis
(RA),   systemic   lupus   erithematosus   (SLE)   and   Crohn’s   disease,   as   well   as   acute   graftversus-host disease (aGvHD), following allogeneic hematopoietic stem cell
transplantation [5,6]. It seems that the strong immunomodulatory capabilities of these
cells might be their most important feature, enabling the establishment of local and
sytemic conditions for effective tissue healing and regeneration.
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Aim of the study: To compare fully defined, free of human and animal-derived
components culture media (CnT) with animal serum-based media for limbal epithelial
stem/progenitor cell (LEC) culture with or without murine fibroblast feeder layer.
Materials and methods: LEC cultures were grown with or without 3T3 feeder layer in
five different culture media: medium supplemented with 10% fetal bovine serum (FBS)
and growth factors (control); CnT-20 medium supplemented with 1% FBS (CnT-1%FBS)
or with 10% FBS (CnT-10%FBS); and CnT-20 medium supplemented with a fully defined
additive for serum free culture (TNC) in 1% (CnT-1%TNC) and 10% (CnT-10%TNC)
concentrations. The comparative study evaluated each culturing condition with the
following parameters: cell morphology, proliferation potential, number of passages,
assessment of clonogenic and abortive colonies, and life span length.
Results: Cells cultured in CnT-TNC media showed faster proliferation rate, reaching
confluence in 3-4 days. Cultures in CnT-FBS media had more vacuolated epithelial cells
(apoptotic) with fibroblast overgrowth, in comparison to the control medium or the
CnT-TNC medium conditions. The maximal number of passages was reached with CnT10%TNC condition cultured on feeder layer (11) and withouth feeder layer (8), whereas
the controls cultured on feeder layer with control medium reached passage 7-8. The
control without feeder layer was lost after the second passage. Innitialy, no difference in
total number of clonogenic colonies was observed between different conditions,
however the maximal number of clonogenic colonies was reached in CnT-TNC
conditions. Although a slower increase in cell doublings in the CnT conditions was
noticed, the total number of cell doublings between the control condition and CnT-10%
TNC condition cultured on feeder layer showed no statistically significant difference (p >
0.05).
Conclusions: The defined serum/animal-free media enable the culturing of LEC.
However, with a feeder layer the number of LEC passages and total cell doublings were
increased in all the conditions we tested.
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What are the main characteristics of scaffolds for hard tissue
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Three-dimensional scaffolds represent important components for tissue engineering.
They provide temporary structural support for cell attachment and tissue development
and therefore their composition and properties have to carefully controlled. Large
variety   of   scaffolding   materials   is   reported   in   literature,   from   inorganic   (“ceramic”)  
materials to various natural and synthetic biopolymers. Each of these groups have
certain drawbacks and therefore the material science tries to provide new materials
combinations with as close behavior to the desired as possible. There is, however, no
clear   definition   of   the   “ideal”   scaffolds,   which   is   partly   due   to   different   tissues   to   be  
repaired and partly due to the not well defined expectations. In order to overcome this
obstacle, close collaboration of materials and biomedical sciences is needed. The
present work will discuss the desired properties of scaffolds for hard tissue regeneration
from the viewpoint of materials science.
In general, the main requirements for the scaffold materials are to be biocompatible
and biodegradable. The studies of scaffolds for hard tissues regeneration are mostly
focused in the architecture, i.e. porosity and pores size, which puts the processing
techniques to the key position. Among those, 3D-printing, electrospinning, salt leaching
and freeze-drying are very popular; they enable preparation of different structures with
up to 90% porosity and pores from nanosized to millimeter size.
Although hydrophilicity and suitable surface charge are essential for the cell attachment,
these   two   material’s   properties   are   rarely   within   a   focus   of   research.   Important  
characteristics of the scaffold are also its biodegradation rate, which may range from
days to years, and behavior of the degradation products. As the bone regeneration is
strongly   related   to   the   mineralization   process,   so   called   “in vitro bioactivity”   is   one   of  
the usually controlled characteristics of the material, however, the consensus on its
relevance has not been accepted. Further, suitable mechanical properties, although
highly relevant for load bearing applications, are not well defined and are currently one
of the main bottlenecks for the use of scaffolds in load bearing applications. One of the
possible solutions is offered by composites of bioactive and biodegradable inorganic
particles embedded in a biopolymer matrix.
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Understanding biocompatibility of materials and the cell-material interaction during the
first contact is one of the main challenges in the field of tissue engineering and
regeneration. Complex nature of cell-biomaterial interaction requires extensive
preclinical functionality testing by studying specific cell responses on biomaterials
differing in morphology, mechanics and surface characteristics at the molecular level. In
our work we present biophysical analysis of gelatin scaffold properties. Surface
molecular properties investigated via polymer molecular mobility studied by sitedirected spin labelling and electron paramagnetic resonance spectroscopy (EPR) were
found to best correlate with cell growth in the first days after adhesion [1].
Furthermore, cell-scaffold adhesion dynamics was studied by the optimized system of
optical tweezers (OT) and confocal fluorescence microscopy (CFM) and was shown to
correlate with cell growth on days scale [2]. These results can significantly influence the
future understanding of biocompatibility, focused either on materials or cell interface.
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Cell-based therapy is emerging as the next pillar of therapeutic intervention as it mimics
natural regenerative processes with reduced systemic side effects in comparison to
conventional therapy. Elderly, diabetics, patients with venous leg and pressure ulcers
can develop chronic wounds. Stem cells are emerging as one of the most promising
approaches for treatment of chronic wounds. Stem cells have the ability to differentiate
into different cell types that could replace the damaged tissue, but perhaps their ability
to secrete trophic factors promoting regeneration is even more important. The aim of
our study is to test the wound healing capacity of a therapeutic device based on cells
secreting bioactive molecules, confined within the sealed semipermeable container.
We identified growth factors and other bioactive molecules secreted by stem cells that
have a positive impact on wound healing. Murine cell lines NIH3T3 stably expressing
bioactive molecules were prepared. We demonstrated that a combination of six
bioactive molecules had the greatest effect on the gap closure in fibroblast culture in
vitro. Cells confined to the semi-permeable container remained viable and functional for
at least 20 days in vitro and in vivo. The wound healing effect of engineered cells was
confirmed in vivo using dorsal splinted excisional wound model on C57BL/6J mice.
Reepithelization of wound with implanted therapeutic cell device was significantly faster
compared to control with carrier cells. In the presence of soluble factors wound area
was filled with granulation tissue that restored skin barrier in only 7 days. Studies
evaluating the safety of this cell-based device are underway.
Similar cell-based devices could be used in treatment of a variety of diseases, including
neurodegenerative diseases and vascular pathologies.
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Background: Mesenchymal stem cells (MSCs) hold wide potential for tissue engineering
and regenerative medicine due to their immunomodulatory, wound-site directed
homing ability and their differentiation potential. Yet, one of the main limitations for
their therapeutic use is the significant amount of cells needed for their clinically
beneficiary effect. In the tissues, MSCs are present only in minute fractions. Therefore,
the expansion of MSCs in a three dimensional microcarrier culture has emerged as an
option to counteract the time consuming and costly adherent culture expansion.
Aim: In order to achieve the highest yield of cultivated adipose tissue derived MSCs (ATMSC) in a microcarrier-based bioreactor system we aimed at optimization of the critical
cultivation parameters.
Methods: The AT-MSCs were expanded on two types of microcarriers (MCs), Cytodex-1
and Cytodex-3 was and their differentiation potential was evaluated prior and after MCs
cultivation. The cell seeding efficiency on Cytodex-1 and Cytodex-3 MCs pre-coated with
growth media and pure serum was analysed. To two feeding regimes (2- and 3- day
medium change intervals) were tested to assure for most optimal conditions for AT-MSC
growth.
Results & conclusions: Pre-coating of MCs with AT-MSC growth media resulted in higher
cell density of adhered MSCs on both types of MCs compared to serum pre-coated MCs.
Medium refreshment every 2-days resulted in higher cell density compared to 3-days
medium change interval. After the cultivation on the MCs all tested MSC retained their
differentiation potential. The MCs culture may represent an attractive technology to
enable  for  high  MSCs’  amounts  needed  for  clinical  applications.
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Aim of the study: We analyzed the effect of intact amniotic membrane (AM) bioscaffold on the viability, proliferation and differentiation potential of cultured limbal
epithelial stem cells (LESC).
Materials and methods: The preserved cadaveric human corneoscleral rim of six donors
was cut into 2 mm2 sized explant samples. Each limbal explant sample was cultured with
or without AM on round plastic plates using either 10% or 20% human AB-serum
supplemented culturing medium. Intact AM was attached to the plastic plate with a
fibrin glue, positioned with either AM intact epithelial side up (epithelial group) or the
AM stromal side up (stromal group). Cultures were examined with a microscope for cell
morphology, proliferation rate, and cell viability. The expression of mesenchymal
markers (CD73, CD90, CD105), proliferation and putative progenitor markers (CD184,
CD117), immunogenicity markers (HLA-DR/CD45/CD/3), differentiated conjunctival
marker (mucin) and differentiated cornea epithelial cell marker (cytokeratin 3) was
determined by flow cytometry.
Results: On the 3rd culturing day outgrowth of morphologically round cells with scarce
cytoplasm was observed from all limbal explants. After one-week cell proliferation
accelerated and a change in cell phenotype was noticed. Cells cultivated on plastic
plates without AM were becoming more elongated and spindle shaped (fibroblast-like)
with progressing distance from limbal explant samples. The cells cultivated on AM had
retained an epithelial cell structure, which was further confirmed by histology
examination. Expression of mesenchymal markers was significantly higher (p < 0.05) in
cultures cultured only on plastic plates compared with the cultures cultured on AM.
However, no statistically significant difference was observed between stromal and
epithelial AM group. Expression of CD184, CD117 was similar. Around 5% of cultured
cells were HLA-DR/CD45/CD3 positive and around 20% of cells were cytokeratin 3
positive.
Conclusion: AM used as bio-scaffold for ex vivo limbal explant cultivation when used
with human serum based medium enables proliferation of LESC-like cells.
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