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Abstract. Stem cells are immature cells capable of aulimagn, which are able to generate
various mature cell types and have a remarkableilijaand proliferative capacity. Mesenchymal
stem cells (MSC), under proper conditions, can gise to osteoblasts, adipocytes, chondrocytes,
myocytes and even neurons. Several proceduresedppli tissue engineering imply harvesting
autologous MSC, expanding them in culture withangsl of stemness, inducing differentiation,
seeding them on suitable scaffolds in accordandk thie targeted tissue type and implanting the
construct into the patient’'s body. During this studone marrow has been extracted from 9 patients
by aspiration from the upper posterior iliac crastl used in order to isolate the MSC by employing
three different methods: (1) the Ficoll-Paque témhe for the isolation of mononucleated cells
followed by the separation of MSC by adherence lastie, (2) Ficoll-Paque followed by the
immuno-magnetic separation of MSC using a CliniMAG%stem and (3) a negative selection
procedure of MSC using the RosetteSep techniquewetl by adherence to plastic. We have
prepared and optimized our media, assuring comtndl reproducibility of the results. Finally, an
immunophenotypic characterization of the cells lbyEytometry has been performed. On tifeday
after seeding the isolated mononucleated fractiothe optimally prepared culture medium, we
observed elongated adherent cells which have uodergxtensive proliferation between days 5 and
9, with colony forming around days 10 to 14. Thd pepulation reached 70 — 80% confluence
within 3 weeks in culture. Independent on the isofaprocedure, the largest number of cell colonies
has been obtained for a cell seeding density btélls/cn?.
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INTRODUCTION

In the case of tissue damage, transplant is onthefvery few clinical
solutions available today. Nevertheless, its felisikis limited by donor organ
shortage. In an effort to circumvent this probleabput two decades ago a new
field of medical sciences emerged, which goes leyrtame of tissue engineering
(TE) and aims to develop biologically based reptaest tissues. Several problems
must be solved before TE is used on large scalelinical practice. These include
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questions regarding a suitable cell source, thatifiimation of the appropriate
scaffold for each tissue type of interest and tiptingzation of the culture
conditions in order to ensure viability and physatemical properties comparable
to the native organ.

Stem cells (SC) are immature cells with two esséifiéiatures: (1) they are
capable of autoreplication and (2) they are ablgive rise to various mature cell
types of the organism. In culture, they have a r&atde viability and proliferative
capacity [1, 2]. All these characteristics makanrirefavourite cell source for TE.

The bone marrow is regarded as the most importam-hemopoietic,
mesenchymal stem cell (MSC) source. MSCs have hdentified in the
periosteum, muscle, liver, blood and fetal boneravar whereas their occurrence
in the umbilical cord blood is controversial. Bypglementing the cell culture
medium with specific growth and differentiation faxs, MSC may be coaxed to
give rise to osteoblasts, chondrocytes, myocytdipoaytes, cardiomyocytes and
neurons, too [7].

In order to use MSC in regenerative medicine, nhasessary to isolate and
proliferate them without loss of stemness, i.espreng their pluripotentiality and
proliferative capacity in undifferentiated stateedent studies are focused on
developing optimal culture conditions (includingllceulture media, bioactive
agents and biodegradable scaffolds) for each spdo#rapy [9].

MATERIALSAND METHODS

PATIENTS

Bone marrow from 9 patientd0 ml/patient) has been extracted from the
upper posterior iliac crest using a heparinatethggr under general anesthesia, in
a sterile surgical room, in accordance with ethiegulations and having the
acceptance of the patients.

CELL SEPARATION

We employed three methods of isolation of MSC ftmone marrow: (1) the
Ficoll-Paque technique for the isolation of mondeated cells followed by the
separation of MSC by adherence to plastic, (2) IFitaque followed by the
immuno-magnetic separation of MSC and (3) a negat®lection procedure of
MSC using the RosetteSep technique, followed begaiice to plastic.

1. The Ficoll-Paque technique of density gradieentifugation was
employed by first diluting the bone marrow samplghwcell culture medium
supplemented with 2% PBS and 1-2 mM EDTA, the tagybkolution was poured
on the top of the separation medium (Ficoll-Paciat®n of 1.077 g/ml density),
in a 50 ml centrifuge tube (Becton Dickinson, US#&)d centrifuged at room
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temperature, at 44%p for 35 minutes. The majority of the mononucleatetls
accumulated on the Ficoll-plasma interface. Therdagation was repeated for 10
minutes at 300g. Finally, the cells were resuspended and countgdgua
hemocytometer.

2. RosetteSep combines the density gradient separatitim antibody-
mediated specificity. The bone marrow was placeéd acentrifuge tube (Becton
Dickinson, USA) and, after adding the RosetteSelotism, the mixture was
incubated at room temperature for 20 minutes amdribgged for 25 minutes at
300>g. The result was a negative selection of MSC, wihiate not been targeted
by antibodies and accumulated on the plasma-Fintdtface. The mononuclear
cell suspension obtained by Ficoll or RosetteSg@rs¢ion technique was plated
on Petri dishes for selective isolation by adhesibme cells were incubated at
37°C, in 5% CQ and 95% minimal humidity at different seeding dées: 5, 10,
15, 50, 100 and 500 x 16ells/cnf . The non-adherent cells were eliminated on the
3" day after seeding by replaceing the culture medilihe adherent cells were
cultured until 70 — 80% confluence was attained-gliddays) with medium change
every 4" day.

3. Isolation using MACS — Direct CD105 consists in meiic sorting of
CD105+ cells. To this end, we used a MidiIMACS Sefmar (Miltenyi Biotec,
Germany). The cells were immunomagnetically labelsithg a cell-type specific
reactive. The suspension obtained by the Ficolirtepie was mixed with MACS
CD105 superparamagnetic colloidal MicroBeads, @i Biotec, Germany)
coated with CD105 monoclonal antibodies: and intedbafor 15 minutes at
6-12C. The magnetically labeled separated cells wezd imspart for flowcytometric
and viability analyses, the rest being cultured.

CELL CULTURE

We used Dulbecco’s Modified Eagle’s Medium (DMEM)W glucose
(Sigma-Aldrich, Germany), supplemented with 10%aFetalf Serum (FCS)
(Promocell, Germany), 2 ng/ml FGFb (Sigma-Aldricermany) and 1%
antibiotic/antimycotic (penicillin 10.000 u/ml; sptomycin 10 mg/ml; amfoterycin
B 0,25 ug/ml) (Sigma-Aldrich, Germany). The cells were pthton T25 culture
dishes (Becton Dickinson, USA) at 6 values of teedsng density, and incubated
at 37°C in an atmosphere of 95% relative humidity and®@. The first medium
change was done 72 h after seeding, then mediunchesged weekly.

For passage, the medium was discarded, the systenwashed with PBS,
cells were detached using trypsin/EDTA 0,25%. Aftgpsin neutralization with
DMEM supplemented with 10% FBS, the cell suspensian centrifuged at room
temperature for 10 minutes at 3@)%*he supernatant was removed and the cells
were resuspended, counted and distributed in euttishes.
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FLOWCYTOMETRIC ANALYSIS

The cells have been phenotypically characterizedidigg a flowcytometer
(FACSCalibur, Beckton Dickinson). After trypsinizat, 100.000 cells were
incubated with fluorescence-conjugated antibodiesrked with FITC—fluorescein
isothiocyanate and PE—phycoerythrin fluorochronigeckton Dickinson) for 20
min in the dark. After 2 washing steps with PBS]Iscavere acquired in
FACSCalibur (Becton Dickinson) flowcytometer usi@gllQuest software and
analysed with Paint-A-Gate software.

RESULTS

We harvested human bone marrow from 9 patientslenaacomparative
study of three isolation techniques, cultivated asmhlysed the MSC and
performed a morphological characterization togetméth a flowcytometric
analysis of the cells.

Fig. 1. Mesenchymal stem cells on day 14 (left,ftagnification), and on day 21 after seeding,
respectively (right, 40x magnification).

On the & day after seeding we observed elongated adhezéist these have
undergone extensive proliferation between days & &nwith colony formation
around day 10 to 14. The cell population reachedflgence within 3 weeks in
culture. During long-term cultivation, cells wereagsed after 2 weeks from
seeding, at 70—80% confluence, and were examingdg8 weeks.

The initial flowcytometric analysis, performed omyd0 when cells were
seeded, displayed a heterogeneous mixture of weélls different forward and
sideward scattering profiles (data not shown). Alomgroportion of the cells
expressed CD45 and Glycophorin A, while the spe®fSC markers, CD105 and
CD73 were not expressed. The immunophenotype ofctils resulted from
passage 1 (day 21) showed low levels of CD14, GQigoon A and CDA45,
probably due to contaminating cells (data not sHowhe flowcytometric analysis
revealed a significant increase of CD 73 expresatdhe second passage (day 42).
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The hemopoietic stem cell marker, CD34, was notesqed neither on day 0, nor
after the two passages. The data have been digpilaytbe form of single-colour

histograms, evidencing the CD34, CD45, CD90, CDa08 CD73 expression by
the investigated cells (Fig. 2).
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Fig. 2. Immunophenotypic characterization of théscey FACS analysis, on day 42 after seeding
(passage 2). Each plot is a histogram depictinghthmber of cells vs. their fluorescence level. The
numbers specify the percentage of cells expredfiagspecific markers (with fluorescence falling
between the marker boundaries, marked by the huakeegments).
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DISCUSSIONS

During the past two decades MSC have been extdpsimgestigated
because of their far—reaching therapeutic potefittal 11]. From the point of view
of cell and gene therapies, they display severeiting properties such as ease of
isolation, good proliferative capacity and easetrahsfection with exogeneous
genes. Several procedures proposed for tissuer riepaly harvesting autologous
mesenchymal stem cells, expanding them in culturéucing differentiation,
seeding them on suitable scaffolds in accordantte tive targeted tissue type and
implanting the construct into the patient’s body§48].

The composition of the cell culture medium turned to be a decisive factor
in preserving the stem cell features [5, 9]. Undentain conditions MSC may be
passed 25-30 times without observing signs of spmaus differentiation. Yet
other conditions coax MSC to engage towards onsewéral cell lineages; this
property goes by the name of stem cell plasti@tyr].
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Human MSC isolated in our laboratories have exgeesgpical cell surface
markers at levels in good agreement with recenitsesf similar studies. A typical
MSC marker, CD105, displayed a slight regressiammfrday 21 to day 42,
presumably due to spontaneous differentiation efdlls, while the expression of
CD90 and CD73 showed a significant increase. Howeseen after 42 days,
36,56% of the cells express CD105, 86,52% expré&383Cand 66,32% express
CD90 suggesting that their stemness has been pegser

By comparing the mean number of formed coloniesinted during all 21
performed experiments, no significant differengesalony formation between the
three distinct MSC isolation methods have been mvksle(data not shown). This
comparison allowed us to find the optimal cell segddensity (16 cells/cnf)
which assured a maximal number of colonies.

These observations enable us to conclude that éhieculture media and
conditions were suitable for MSC expansion. Futwak will be focused on
human MSC differentiation in vitro towards the agfenic and chondrogenic
lineages.
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