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（一）中文摘要：

關鍵詞：人類胎盤間質幹細胞 (pMSCs)，神經再生，神經細胞及血管分化，腦中風，
巴金森病，神經再生因子
目前針對治療神經系統退化性疾病還是沒有非常有效之方法，例如急性腦中風目前是十大死

亡原中之第二位，然而腦中風之主要原因為腦中不同部位之血管栓塞或硬化阻塞造成進而產生

突發性肢體偏癱，失語，手腳麻木等不同程度之神經功能喪失，目前之治療方式在急性期施以

抗凝血劑，抗血小板凝集劑，甚至血栓溶解劑之藥物治療，其他之慢性神經系統退化性疾病如

巴金森病及杭丁頓舞蹈症，則以復健及其他預防性之保守療法為主，疾病之預後不佳，多半為

行動不便須家人照料，造成社會及國家資源之耗損。腦中風造成神經細胞快速死亡，而死亡之

神經細胞及血管肉皮細胞無法再生及修補因此神經功能便喪失，因此，近年來有許多學者研究

在中風之動物身上植入外來之幹細胞（Stem cell），例如有骨髓中胚層幹細胞，臍帶血幹細胞

甚至是胚胎幹細胞等，每位學者都發現不僅能讓中風鼠之神經功能部份回復；且植入之幹細胞

可分化成神經細胞及血管內皮細胞，此種治療方式對未來腦中風及神經退化性疾病帶來一線曙

光。

在許多文獻中都證實在幹細胞可在體內或體外分化為成熟之細胞例如肌肉細胞、肝臟
細胞及神經細胞等，因此在骨髓幹細胞及臍帶血幹細胞慢慢被大多數人注意且被大量的
運用於治療相關疾病之際，慢慢發現因老年人之骨髓較不易培養出幹細胞，而臍帶血之
幹細胞數量過少，故極需要尋找另一間質幹細胞之來源，然而胎盤組織可培養出很多代
之間質幹細胞，因此可想而知的是對於治療神經系統退化性疾病應可提共一使神經細胞
復原及再生的好方法之一。本研究將分三年進行。

第一年將建立人類胎盤間質幹細胞體外培養模式，所須之工作包括收集胎盤組織分
離血管並剪碎處理後置入細胞培養皿中加以培養，在進行 Proliferation stage 時培養基中
加入含 EGF 及 FBS 等物質，待胎盤間質幹細胞之數量到達一定程度時，進行 FACS 分
析以確定為間質幹細胞，同時作分盤及進行 Differentiation stage，此時培養基中加入含
retinoic acid 及β-ME 等物質，胎盤間質幹細胞經分化處理後，我們首先觀查其細胞外形
之變化，之後再利用免疫細胞染色之方法來觀查這些經分化過後之幹細胞是否表現一些



具神經細胞之物質，包括 MAP-2, Neu-N, Nestin 及 GFAP 等，所以藉此體外培養模式的
確可以證實胎盤間質幹細胞經處理後會分化成神經細胞。

(二)研究計畫之背景及目的：

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 al., 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 al., 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 al., 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 functional studies, if it is performed at an early
stage in the disease (Jin et al., 2002). Subpopulations of bone marrow cells may serve as an alternative
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 cells in vitro (Black and Woodbury, 2001; Kohyama
et al., 2001; Reyes and Verfaillie, 2001; Deng et al., 2001; Sanchez-Ramos et al., 2000;
Sanchez-Ramos et al., 2001; Woodbury et al., 2000; Colter et al., 2000; Colter et al., 2001) and in vivo
(Azizi et al., 1998; Kopen et al., 1999; Mezey et al., 2000; Brazelton et al., 2000). Many studies have
shown that bone marrow-derived cells can give rise 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 al., 1999; Jin et al., 2002;
Park et al., 2001; Suzuki et al., 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 also as vehicles for gene therapy.

At present, cells with mesenchymal progeintor characterization were isolated from several
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 vessel,
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 animals, we have begun to isolate and characterize the
biological properties of these cells from the placenta of human. Macaques 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 mesodermal
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.

(二)研究方法、進行步驟及執行進度 (第一年)

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

characterize the human placenta derived stromal cells (PMSCs).

Isolation and culture of placenta-derived stromal cells (PMSCs)
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 thenplacentae 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 at 20℃, 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℃ and 5% CO2. Ten days later, individual 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 mesodermal lineage differentiation of PMSCs
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, PMSCs 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. Mineralization 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 g/ml
insulin, 10 ng/ml transofrming growth factor 1 (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%
paraformaldehyde and stained for glycosaminoglycans using 0.1% Safranin O.

Generation of neurospheres from PMSCs
Undifferentiated PMSCs cultured at high densities spontaneously formed spherical clumps of cells
that were isolated in 0.25% trypsin (Invitrogen). We also 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 PMSCs to neural cells
For neural lineage differentiation, neurospheres derived from PMSCs were layered on PDL-laminin
double-coated chamber slide (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 at 10 days after differentiation by
immunocytochemistry, western blot and reverse transcription polymerase chain reaction (RT-PCR).
All data to 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 1106 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 IgG
(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 all
the aforementioned genes were described previously.

Quantitative real-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 PMSCs, quantification was performed using real-time RT-PCR. Total 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 5fluorogenic probe 6-FAM and a 3quencher
TAMRA. The expression of human GAPDH was used to standardize gene expression levels.

Immunocytochemistry and FACS analysis of neural differentiated cells

For analysis of neural 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 glial 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 (MBP)
(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 IgG
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 g/ml aprotinin and 1 mM sodium orthovanadate. Total protein
(30-40 g/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 visualized by enhanced
chemiluminescence (Amersham).
References
Azizi, S. A., Stokes, D., Augelli, B. J., DiGirolamo, C. and Prockop, D. J. (1998). Engraftment and
migration of human bone marrow stromal cells implanted in the brains of albino rats: similarities to
astrocyte grafts. Proc Natl. Acad. Sci. USA 95, 3908-3913.
Barami, K., Hao, H. N., Lotoczky, G. A., Diaz, F. G. and Lyman, W. D. (2001). Transplantation of
human fetal brain cells into ischemic lesions of adult gerbil hippocampus. J. Neurosurg. 95, 308-315.
Black, I. and Woodbury, D. (2001). Adult rat and human bone marrow stromal stem cells
differentiate into neurons. Blood Cells Mol. Dis. 27, 632-636.
Borlongan, C. V., Koutouzis, T. K., Jorden, J. R., Martinez, R., Rodriguez, A. I., Poulos, S. G.,
Freeman, T. B., McKeown, P., Cahill, D. W., Nishino, H. et al. (1997). Neural transplantation as an
experimental treatment modality for cerebral ischemia. Neurosci. Biobehav. Rev. 21, 79-90.
Brazelton, T. R., Rossi, F. M. V., Keshet, G. I. and Blau, H. M. (2000). From marrow to brain:
expression of neuronal henotypes in adult mice. Science 290, 1775-1779.
Colter, D. C., Class, R., DiGirolamo, C. M. and Prockop, D. J. (2000).Rapid expansion of
recycling stem cells in cultures of plastic-adherent cells from human bone marrow. Proc. Natl. Acad.
Sci. USA 97, 3213-3218.
Colter, D. C., Sekiya, I. and Prockop, D. J. (2001). Identification of a subpopulation of rapidly
self-renewing and multipotential adult stem cells in colonies in human marrow stromal cells. Proc.
Natl. Acad. Sci. USA 98, 7841-7845.
Deans RJ, Moseley AB. Mesenchymal stem cells: biology and potential clinical uses. Exp Hematol
2000;28:875-884.
Deng, W., Obrocka, M., Fischer, I. and Prockop, D. J. (2001). In vitro differentiation of human
marrow stromal cells into early progenitors of neural cells by conditions that increase intracellular
cyclic AMP. Biochem.
Biophys. Res. Commun. 282, 148-152.
Devine, S. M., Bartholomew, A. M., Mahmud, N., Nelson, M., Patil, S., Hardy, W., Sturgeon, C.,
Hewett, T., Chung, T., Stock, W. et al. (2001). Mesenchymal stem cells are capable of homing to the
bone marrow of non-human primates following systemic infusion. Exp Hematol. 29, 244-255.
Ding, L., Lu, S., Batchu, R. B., Saylors, R. L. and Munshi, N. C. (1999). Bone marrow stromal
cells as a vehicle for gene transfer. Gene Ther. 6, 1611-1616. Erickson, G. R., Gimble, J. M.,
Franklin, D. M., Rice, H. E., Awad, H. and Guilak, F. (2002). Chondrogenic potential of adipose
tissue-derived stromal cells in vitro and in vivo. Biochem. Biophys. Res. Commun. 290, 763-769.
Gronthos, S., Franklin, D. M., Leddy, H. A., Robey, P. G., Storms, R. W. and Gimble, J. M.
(2001). Surface protein characterization of human adipose tissue-derived stromal cells. J. Cell.
Physiol. 189, 54-63.
Gussoni, E., Soneoka, Y., Strickland, C. D., Buzney, E. A., Khan, M. K., Flint, A. F., Kunkel, L.
M. and Mulligan, R. C. (1999). Dystrophin expression in the mdx mouse restored by stem cell
transplantation. Nature 401, 390-394.
Halvorsen, Y. D., Bond, A., Sen, A., Franklin, D. M., Lea-Currie, Y. R., Sujkowski, D., Ellis, P. N.,
Wilkison, W. O. and Gimble, J. M. (2001) Thiazolidinediones and glucocorticoids synergistically
induce differentiation of human adipose tissue stromal cells: biochemical, cellular, and molecular



analysis. Metabolism 50, 407-413.
Jin, H. K., Carter, J. E., Huntley, G. W. and Schuchman, E. H. (2002). Intracerebral transplantation
of mesenchymal stem cells into acid sphingomyelinase-deficient mice delays the onset of neurological
abnormalities and extends their life span. J. Clin. Invest. 109, 1183-1191.
Kang, S. K., Lee, D. H., Bae, Y. C., Kim, H. K., Baik, S. Y. and Jung, J. S. (2003). Improvement of
neurological deficits by intracerebral transplantation of human adipose tissue-derived stromal cells
after cerebral ischemia in rats. Exp. Neurol. 183, 355-366.
Kohyama, J., Abe, H., Shimazaki, T., Koizumi, A., Nakashima, K., Gojo, S., Taga, T., Okano, H.,
Hata, J. and Umezawa, A. (2001). Brain from bone: efficient “meta-differentiation” of marrow 
stroma-derived mature osteoblasts to neuron with Noggin or a demethylating agent. Differentiation 68,
235-244.
Kopen, G. C., Prockop, D. J. and Phinney, D. G. (1999). Marrow stromal cells migrate throughout
forebrain and cerebellum, and they differentiate into astrocytes after injection into neonatal mouse
brains. Proc. Natl. Acad Sci. USA 96, 10711-10716.
Marketa, M., Jean, M., Edwan, B., Ronald, E. B., Laurent, P. and Garry, W. (2003). Microarray
analysis of nonhuman primates: validation of experimental models in neurological disorders. FASEB J.
17, 929-931.
Masada, T., Itano, T., Fujisawa, M., Miyamoto, O., Tokuda, M., Matsui, H., Nagao, S. and
Hatase, O. (1997). Embryonic transplantation and ischemic memory deficit. Neurosci. Res. 27,
249-255.
Mezey, E., Chandross, K. J., Harta, G., Maki, R. A. and McKercher, S. R. (2000). Turning blood
into brain: cells bearing neuronal antigens generated in vivo from bone marrow. Science 290,
1779-1782.
Park, K. W., Eglitis, M. A. and Mouradian, M. M. (2001). Protection of nigral neurons by
GDNF-engineered marrow cell transplantation. Neurosci Res. 40, 315-323.
Patrick, C. W. (2000). Adipose tissue engineering: the future of breast and soft tissue reconstruction
following tumor resection. Semin. Surg. Oncol. 19, 302-311.
Petersen, B. E., Bowen, W. C., Patrene, K. D., Mars, W. M., Sullivan, A. K., Murase, N., Boggs, S.
S., Greenberger, J. S. and Goff, J. P. (1999). Bone marrow as a potential source of hepatic oval cells.
Science 284, 1168-1170.
Ralf H. Isolation of Primary and Immortalized CD34- Hematopoietic and Mesenchymal Stem Cells
from Various Sources. Stem Cells 2000;18:1-9.
Reyes, M. and Verfaillie, C. M. (2001). Characterization of multipotent adult progenitor cells, a
subpopulation of mesenchymal stem cells. Ann. New York Acad. Sci. 938, 231-235.
Safford, K. M., Hicok, K. C., Safford, S. D., Halvorsen, Y. D., Wilkison, W. O., Gimble, J. M.
and Rice, H. E. (2002). Neurogenic differentiation of murine and human adipose-derived stromal
cells. Biochem. Biophys. Res Commun. 294, 371-379.
Sanchez-Ramos, J., Song, S., Cardozo-Pelaez, F., Hazzi, C., Stedeford, T., Willing, A., Freeman,
T. B., Saporta, S., Janssen, W., Patel, N. et al. (2000). Adult bone marrow stromal cells differentiate
into neural cells in vitro. Exp. Neurol. 164, 247-256.
Sanchez-Ramos, J., Song, S., Kamath, S. G., Zigova, T., Willing, A., Cardozo-Pelaez, F.,
Stedeford, T., Chopp, M. and Sanberg, P. R. (2001). Expression of neural markers in human umbilical cord blood. Exp.

Neurol 171, 109-115.



Shetty, A. K. and Turner, D. A. (1996). Development of fetal hippocampal grafts in intact and
lesioned hippocampus. Prog. Neurobiol. 50, 597-653.
Song, H. J., Stevens, C. F. and Gage, F. H. (2002). Neural stem cells from adult hippocampus
develop essential properties of functional CNS neurons. Nat. Neurosci. 5, 438-445.
Steinborn A, Gall CV, Hildenbrand R, et al. Identification of placental cytokine-producing cells in
term and preterm labor. Obstet Gynecol 1998;91:329-35.
Suzuki, K., Oyama, M., Faulcon, L., Robbins, P. D. and Niyibizi, C. (2000). In vivo expression of
human growth hormone by genetically modified murine bone marrow stromal cells and its effect on
the cells in vitro. Cell Transplant. 9, 319-327.
Terskikh, A. V., Easterday, M. C., Li, L., Hood, L., Kornblum, M. K., Geschwind, D. H. and
Weissman, I. L. (2001). From hematopoiesis to neuropoiesis: evidence of overlapping genetic
programs. Proc. Natl. Acad Sci. USA 98, 7934-7939.
Wie, G., Schubiger, G., Harder, F. and Muller, A. M. (2000). Stem cell plasticity in mammals and
transdetermination in Drosophila: common themes? Stem Cells 18, 409-414.
Weissman, I. L. (2000). Translating stem and progenitor cell biology to the clinic: barriers and
opportunities. Science 287, 1442-1446.
Wieczorek, G., Steinhoff, C., Schulz, R., Scheller, M., Vingron, M., Ropers, H. H. and Nuber, U.
A. (2003). Gene expression profile of mouse bone marrow stromal cells determined by cDNA
microarray analysis. Cell Tissue
Res. 311, 227-237.
Woodbury, D., Schwarz, E. J., Prockop, D. J. and Black, I. B. (2000). Adult rat and human bone
marrow stromal cells differentiate into neurons. J. Neurosci. Res. 61, 364-370.
Woodbury, D., Reynolds, K. and Black, I. B. (2002). Adult bone marrow stromal stem cells express
germline, ectodermal, endodermal, and mesodermal genes prior to neurogenesis. J. Neurosci. Res. 96,
908-917.
Wright, L. S., Li, J., Caldwell, M. A., Wallace, K., Johnson, J. A. and Svendsen, C. N. (2003).
Gene expression in human neural stem cells; effects of leukemia inhibitory factor. J. Neurochem. 86,
179-195.
Zuk, P. A., Zuh, M., Mizuno, H., Huang, J., Futrell, J. W., Katz, A. J., Benhaim, P., Lorenz, H. P.
and Hedrick, M. H. (2001). Multilineage cells from human adipose tissue: implications for
cell-based therapies. Tissue Eng. 7, 211-228.
Zuk, P. A., Zhu, M., Ashjian, P., de Ugarte, D. A., Huang, J. I., Mizuno, H., Alfonso, Z. C., Fraser,
J. K., Benhaim, P. and Medrick, M. H. (2002). Human adipose tissue is a source of multipotent
stem cells. Mol. Biol. Cell 13, 4279-4295.


