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Stem cells are clonogenic cells that have the capacity for self-renewal and multilineage
differentiation. During embryogenesis, totipotent embryonic stem cells that are derived from the
blastocyst give rise to ectoderm, mesoderm and endoderm lineage cell populations (Weissman, 2000).
It has become evident that stem cells persist in adult tissues, although they represent a rare population
localized in small niches (Woodbury et a., 2002). Adult stem cells are not totipotent, but they are
capable of self-renewal and differentiation into multiple specialized cell types (Kopen et al., 1999). In
tissues from postnatal animals, stem cells have been successfully isolated from liver, intestine, bone
marrow and brain (Wei et a., 2000). Neural precursors that differentiate into neurons, astrocytes and
oligodendrocytes may hold significant therapeutic potential for the replacement of damaged or
diseased neural tissue resulting from congenital neuropathological conditions, brain injuries and
neurodegenerative disorders. Although regional neurogenesis continues throughout the lifespan of
rodents and humans, the number and availability of neural stem cells (NSCs) is limited in the
postnatal central nervous system (CNS) (Barami et al., 2001; Shetty and Turner, 1996). The
transplantation of NSCs has been shown to provide functional improvement in vivo (Barami et al.,
2001; Borlongan et a., 1997; Masada et al., 1997; Shetty and Turner, 1996).

Recent evidence indicates that bone marrow stem cell transplantation effectively prevented the
progression of neurological disease signs in some functiona studies, if it is performed at an early
stage in the disease (Jin et al., 2002). Subpopul ations of bone marrow cells may serve as an aternative
source of stem cells for the treatment of CNS disease, whereby mesenchymal stem cells differentiate
into various lineages of brain cells. It has been shown that cells isolated from both bone marrow and
umbilical cord blood (CB) can give rise to neural cellsin vitro (Black and Woodbury, 2001; Kohyama
et a., 2001, Reyes and Vefaillie, 2001; Deng et al., 2001; Sanchez-Ramos et a., 2000;
Sanchez-Ramos et al., 2001; Woodbury et a., 2000; Colter et a., 2000; Colter et a., 2001) and in vivo
(Azizi et a., 1998; Kopen et a., 1999; Mezey et al., 2000; Brazelton et al., 2000). Many studies have
shown that bone marrow-derived cells can giverise to neural cells as well as many tissue-specific cell
phenotypes, including hematopoietic, skeletal muscle, hepatic, heart and vascular endothelial cells
(Terskikh et al., 2001; Gussoni et al., 1999; Petersen et al., 1999). The results of these studies have
shown that host tissue-specific microenvironment conditions may be essential for the multilineage
transdifferentiation of bone marrow-derived stem cells (BMSCs). BMSCs also have been used as
vehicles for gene delivery to various tissues including the brain (Ding et a., 1999; Jin et a., 2002;
Park et a., 2001; Suzuki et a., 2000; Kang et al., 2003). These findings suggest that bone marrow
cells are a potential source of brain progenitor cells and have clinical importance in applications for
tissue engineering and al so as vehicles for gene therapy.

At present, cells with mesenchymal progeintor characterization were isolated from severd
mesenchymal tissues such as muscle, bone, cartilage and tendon (Deans et al., 2000; Ralf et al., 2000),
and these tissues originated from mesoderm during embryogenesis. Placenta consisted of vessdl,
mesenchyma and trophocyte derived from extraembryonic mesoderm (Steinborn et al., 1998), which
developed into fetal appertaining including placenta, fetal membrane and umbilical cord. Since fetal



appertaining contains a lot of mesenchyma, we have suggested that pluripotent MSCs derived from
extraembryonic mesoderm, but not recruited to differentiate, may reside in a quiescent state within the
placenta throughout gestation. Our study aimed at isolating and characterizing MSCs in human
placenta, which would possibly open a new and rich source of MSCs for experimental and clinical
needs.

Because little is known about the biologic, differentiation or engraftment properties of
mesenchymal stem cells in higher order animas, we have begun to isolate and characterize the
biological properties of these cells from the placenta of human. Macagues share greater biological
similarities with humans than most other species with which stem cell research is being conducted,
and therefore provide an unmatched opportunity to research diseases that afflict humans.

In this plan, we would develop to isolate and characterize the growth and mesoder mal
differentiation capabilities of placenta derived-stem cells. Then we attempted to investigate the
differentiation potential of these cells along neural lineages in vitro. Finally, we used the
cultured placenta-derived MSCs to treat the disease model such as stroke, and Parkinson
disease.

(E)FELIE-BEHBEIRAGFER (F- &)

The major purpose of this year was to isolate, culture and

characterize the human placenta derived stromal cells (PMSCs).

I solation and culture of placenta-derived stromal cells (PM SCs)

After informed consent, human placentae were obtained by vaginal delivery or caesarean sections
from women with uncomplicated full-term pregnancies. The placenta had the loose chorionic,
amniotic sacs and decidua removed, and was extensively washed with phosphate buffered saline
(PBS), and then placentae were flushed with perfusate, Iscove’s modified Dulbecco’s medium (IMDM)
supplemented with 12.5 U/ml heparin, 50 U/ml penicillin, 50 mg/ml streptomycin, through the
arterial-venous circuit to eliminate tissue residual blood. After that, the placenta was cultivated for
12-24 hours a 20°C, at that time the organ was perfused and soaked with a volume 250 ml of
perfusate. Mononucleated cells were isolated from the perfusates by density gradient fractionation
(below 1.073 g/mL, Pharmacia, USA), washed and resuspended in Dulbecco’s modified Eagle’s
medium-low glucose (DMEM-LG) supplemented with 10% fetal bovine serum (FBS) (StemCell,
Canada), and cultured at 37°C and 5% CO2. Ten days later, individua colonies were collected,
isolated, cultured and expanded. When the cultures reached 90% of confluence, cells were recovered
by 0.25% trypsin-1 mM EDTA and followed by passages. Furthermore, bone marrow derived MSCs
were isolated and cultured according to a previously reported method by Pittenger et al (Pittenger MF,
1999;284:143-147)



Confirmation of mesoder mal lineage differentiation of PM SCs

To verify the multipotential differentiation of mesenchymal characteristics of PMSCs, cells were
subjected to differentiation in conditions known to induce adipogenic, osteogenic and chondrogenic
lineages in human cells. Before culture in the induction medium, cultures were grown to at least 80%
confluence. For adipogenic differentiation, PM SCs were induced by passaging cells at a 1:10 dilution
in control medium and supplemented 10 ng/ml insulin and 10-9 M dexamethasone. Adipogenic
differentiation was visualized by the presence of highly refractive intracellular lipid droplets in phase
contrast microscopy or staining by Oil-Red O. To induce osteogenic differentiation, the cultures were
fed daily with control medium to which was added 10 mM [-glycerophosphate, 50 ng/ml ascorbic
acid and 10-9 M dexamethasone for 3 weeks. Mineraization of the extracellular matrix was
visualized by stainingof the cultures with Alizarin Red S (2% w/v Alizarin Red S adjusted to pH 4
using ammonium hydroxide) for 5 minutes at room temperature followed by a wash with water.
Chondroblast differentiation was induced by differentiation medium supplemented with 6.25 ug/ml
insulin, 10 ng/ml transofrming growth factor B1 (TGF 1) and 50 ng ascorbate-2-phosphate in control
medium for 3-4 weeks. After differentiation, the cultures were washed and fixed in 4%
paraf ormal dehyde and stained for glycosaminoglycans using 0.1% Safranin O.

Generation of neurospheresfrom PM SCs

Undifferentiated PMSCs cultured at high densities spontaneously formed spherical clumps of cells
that were isolated in 0.25% trypsin (Invitrogen). We aso collected free floating neurospheres that
were released from the cell culture surface into the culture media. The spheres of cells were
transferred to a Petri dish and cultured in Neurobasal medium (NB) (Invitrogen) supplemented with
B27 (Invitrogen), 20 ng/ml bFGF, and 20 ng/ml EGF (Sigma) for 4-7 days. The culture density of the
spheroid bodies was maintained at 10-20 cells/cm2 to prevent self aggregation.

In vitro differentiation of PM SCsto neural cells

For neura lineage differentiation, neurospheres derived from PMSCs were layered on PDL-laminin
double-coated chamber dslide (Lab Tek, Nalge/Nunc). Spheres were cultured and maintained for 10
days in NB media containing only the B27 supplement. During differentiation, 70% of the media was
replaced every 4 days. The cells were examined a 10 days after differentiation by
immunocytochemistry, western blot and reverse transcription polymerase chain reaction (RT-PCR).
All datato be shown are representative of at least three different experiments.

Flow cytometric analysis of surface epitopes

For phenotypic characterization by flow cytometry, undifferentiated PMSCs, PMSCs-derived
neurospheres and adherent cells were harvested by trypsinization, washed twice with PBS and
suspended at a concentration of 1x106 cell/ml and incubated with antibodies to the following antigens:
CD13, CD34, CD45, CD90, CD73, HLA-ABC, HLA-DR, CD14, CD29, CD44, CD105, CD117 (BD,
PharMingen) for 20 minutes. For FACS analysis, we used primary antibody directly conjugated with
APC, or FITC. Monoclonal antibodies to CD34, CD3, CD4 and CD8 were used to identify cells as
hematopoietic. The stained cells were thoroughly washed with two volumes of PBS and fixed in
neutralized 2% paraformaldehyde solution. For an isotype control, nonspecific mouse or rabbit 1gG
(DAKO, Chemicon or Santa Cruz) was substituted for the primary antibody. The labeled cells were



analyzed on a FACScan argon laser cytometer (Becton Dickinson, San Jose, CA).

RT-PCR analysis of total cellular RNA

Before and after neural differentiation of PMSCs, total cellular RNA was isolated with Trizol
(Invitrogen) reverse transcribed into first strand cDNA using oligo-dT primer and amplified by 35
cycles (94°C, 1 minute; 55°C, 1 minute; 72°C, 1 minute) of PCR using 20 pM of specific primers.
PCR amplification was performed using the primer sets. All primer sequences were determined using
established human GeneBank sequences for genes indicative of neural lineages or control genes.
Duplicate PCR reactions were amplified using primers for GAPDH as a control for assessing PCR
efficiency and for subsequent analysis by 1.5% agarose gel electrophoresis. Primer sequences for al
the aforementioned genes were described previously.

Quantitativereal-time RT-PCR

To assess the efficiency of neural differentiation and compare the levels of expression of brain-derived
neurotrophic factor (BDNF) and microtubule associated protein-2 (MAP2ab) expression in
differentiated PM SCs, quantification was performed using real-time RT-PCR. Tota cellular RNA was
isolated using conventional protocol. Human glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
primers and probe (5FAM and 3TAMRA) were purchased from Applied Biosystems (Foster, CA).
Quantitative real-time RT-PCR was performed using this kit according to the manufacturer and an
ABI7700 Prism Sequence Detection System. Primer and probe sequences were designed using Primer
Express software (PE-Applied Biosystems, Warrington, UK) using gene sequences obtained from the
GeneBank database. All probes are designed with a 5'fluorogenic probe 6-FAM and a 3'quencher
TAMRA. The expression of human GAPDH was used to standardize gene expression levels.

Immunocytochemistry and FACS analysis of neural differentiated cells

For analysis of neura differentiation of PMSCs neurospheres, differentiated cells were fixed with 4%
paraformaldehyde, and incubated with 10% goat serum to prevent nonspecific antibody binding. The
cells were incubated overnight at 4°C with antibodies. For detection of differentiated neuronal or glial
cell proteins, we used several species-specific monoclonal antibodies directed against glia acidic
fibrillary protein (GFAP) (1:2000, Dako, Carpinteria, CA), MAP2ab (1:250, Sigma, St Louis, MO),
nestin (1:250, Sigma), Neu N (1:500, Sigma), NF160 (1:500, Sigma) and myelin basic protein (M BP)
(1:250, Chemicon, Temecula, CA). After extensive washing in PBS, the cells were incubated for 30
minutes with FITC or Alexa Fluor 568 conjugated secondary antibodies (1:250, Molecular Probe,
Eugene, OR). Controls in which primary antibodies were omitted or replaced with irrelevant 1gG
resulted in no detectable staining. Specimens were examined using a Leica TCS SP2 laser scanning
microscope equipped with three lasers (Leica Microsystems, Exton, PA). Immunocytochemical
studies were repeated at least three times. Western blot analysis of differentiated cells Protein
extracts were prepared from undifferentiated or differentiated pATSCs by the treatment of lysis buffer
containing 20 mM Tris (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1 mM
phenylmethylsulfonylfluoride, 10 pg/ml aprotinin and 1 mM sodium orthovanadate. Total protein
(30-40 pg/ml) was resolved on 12.5% acrylamide gel and electroblotted onto Polyvinyldiethylfluoride
(PVDF) membrane (Amersham). The blot was probed with either mouse anti-nestin (1:500) or mouse
anti-MAP2ab antibodies (1:500). Immunoreactive bands were detected using horseradish



peroxidaseconjugated anti-mouse IgG antibodies (Amersham) and visudized by enhanced
chemiluminescence (Amersham).
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