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ABSTRACT 

The present invention is directed to pluripotent fetal stem 
cells derived from chorionic villus, amniotic ?uid, and 
placenta and the methods for isolating, expanding and 
di?cerentiating these cells, and their therapeutic uses such as Appl. No.: 11/604,909 
manipulating the fetal stem cells by gene transfection and 

Filed; Nov. 28, 2006 other means for therapeutic applications. 
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METHODS OF ISOLATION, EXPANSION AND 
DIFFERENTIATION OF FETAL STEM CELLS 

FROM CHORIONIC VILLUS, AMNIOTIC FLUID, 
AND PLACENTA AND THERAPEUTIC USES 

THEREOF 

FIELD OF THE INVENTION 

[0001] This invention relates to the isolation, expansion 
and differentiation of fetal stem cells from chorionic villus, 
amniotic ?uid, and placenta and therapeutic uses thereof. 

BACKGROUND OF THE INVENTION 

[0002] Stem cells are unique cell populations With the 
ability to undergo both reneWal and differentiation. This fate 
choice is highly regulated by intrinsic signals and the 
external microenvironment. They can be identi?ed in many 
adult mammalian tissues, such as bone marroW, skeletal 
muscle, skin and adipose tissue, Where they contribute to 
replenishment of cells lost through normal cellular senes 
cence or injury. Although stem cells in adult tissues may be 
capable of developing into more cell types than originally 
thought, they have a limited cellular regeneration or tum 
over. 

[0003] Stem cells have been reported to exist during 
embryonic development and postnatally in bone marroW, 
skeletal muscle and skin. Embryonic stem (ES) cells are 
derived from the inner cell mass (ICM) at the blastula stage, 
and have the property of participating as totipotent cells 
When placed into host blastocysts. They are able not only to 
activate the expression of genes restricted to each of the 
three embryonic germ (EG) layers, but they are also able to 
express receptors for a number of different soluble groWth 
factors With established effects on developmental pathWays 
in vivo. 

[0004] Adult stem cells, on the other hand, do not differ 
entiate spontaneously, but can be induced to differentiate by 
applying appropriate groWth conditions. Adult stem cells 
seem to be easier to maintain in culture than ES cells. Adult 
stem cells have the disadvantage of not being immortal, and 
most of them lose their pluripotency after a de?ned number 
of passages in culture. This short life-span may be a problem 
for clinical applications Where a large amount of cells are 
needed. 

[0005] In contrast to adult stem cells, ES cells, derived 
from blastocyst-stage early mammalian embryos, have the 
ability to give rise to cells that not only proliferate and 
replace themselves inde?nitely, but that have the potential to 
form any cell type. ES cells tend to differentiate spontane 
ously into various types of tissues; hoWever, speci?c groWth 
induction conditions do not direct differentiation exclusively 
to speci?c cell types. TWo reports describing the isolation, 
long-term culture, and differentiation of such cells have 
generated tremendous excitement in this regard and are 
herein incorporated by reference (Shamblott, Michael 1., et 
al., “Derivation of Pluripotent Stem Cells from Cultured 
Human Primordial Germ Cells,” Proc. Natl. Acad. Sci. USA, 
Vol. 95, pp. 13726-31, November 1998; Thomson, James A., 
et al., “Embryonic Stem Cell Lines Derived from Human 
Blastocysts,” Science, Vol. 282, pp. 1145-47, Nov. 6, 1998). 
Although there is a great scienti?c interest in ES cell 
research, the destruction of embryos in order to harvest and 
experiment on ES cells still create unresolved ethical con 
cerns. 
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[0006] Fetal tissue has been used in the past for autograft 
and allograft transplantation and tissue engineering research 
because of its pluripotency, proliferative ability and lack of 
immunogenicity. Fetal cells maintain a higher capacity to 
proliferate than adult cells and may preserve their pluripo 
tency longer in culture. HoWever, fetal cell transplants are 
plagued by problems that are very di?icult to overcome. 
Fetal tissue can be currently obtained from a biopsy of the 
fetus itself during gestation or from cord blood at birth; 
hoWever, both procedures are associated With a de?ned 
morbidity. Fetal tissue can also be obtained from aborted 
embryos, but this resource is limited. Beyond the ethical 
concerns regarding the use of cells from aborted fetuses or 
living fetuses, there are other issues Which remain a chal 
lenge. For example, studies have shoWn that it generally 
takes about six fetuses to provide enough material to treat 
one patient With Parkinson’s disease. 

[0007] Because stem cells, particularly pluripotent stem 
cells appear to be an excellent resource for therapeutic 
applications, there is a great need for a source of stem cells 
that is plentiful, easy to manipulate, and avoids ethical 
considerations. 

SUMMARY OF THE INVENTION 

[0008] We have discovered that chorionic villus, amniotic 
?uid, and placenta provide an excellent source of pluripotent 
fetal stem cells for therapeutic applications. These fetal stem 
cells have a better potential for expansion than adult stem 
cells and avoid the current controversies associated With the 
use of human embryonic stem cells. The c-kitIDOS cells 
isolated from the chorionic villus, amniotic ?uid and pla 
centa samples differentiate into speci?c cell lineages, they 
do not need feeder layers to groW, and most importantly, the 
isolation of these cells does not require the sacri?ce of 
human embryos for their isolation, thus avoiding the current 
controversies associated With the use of human embryonic 
stem cells. 

[0009] Therefore, the present invention is directed to 
pluripotent fetal stem cells derived from chorionic villus, 
amniotic ?uid, and placenta and the methods for isolating, 
expanding and differentiating these cells, and their thera 
peutic uses such as manipulating the fetal stem cells by gene 
transfection and other means for therapeutic applications, 
including but not limited to enZyme replacement and gene 
therapy, tissue regeneration and replacement, including, for 
example burn and Wound dressings. 

[0010] In one aspect, the present invention provides a 
method for obtaining pluripotent human fetal stem cells 
comprising obtaining a chorionic villus and/or amniotic 
?uid and/or placenta sample from a human subject and 
isolating c-kit positive cells from the sample. The invention 
further provides culturing or expanding the c-kit positive in 
a culture media before or after isolation. The chorionic 
villus, amniotic ?uid or placenta sample may be cryopre 
served before isolating or differentiating the c-kit positive 
cells. Alternatively, the c-kit positive cells are isolated from 
the sample and then cryopreserved. The cells may be cryo 
preserved before or after differentiation. 

[0011] In yet another aspect, the present invention pro 
vides a method for differentiating the isolated pluripotent 
human fetal stem cells derived from chorionic villus and/or 
amniotic ?uid and/or placenta to cells of different lineages, 
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including, but not limited to, osteogenic, adipogenic, myo 
genic, neurogenic, hematopoitic and endothelial lineages. 
Differentiation can be evidenced by, for example, changes in 
cellular morphology and gene expression. 

[0012] In a further aspect, the present invention provides 
a method for differentiating c-kit positive fetal stem cells 
contained Within a chorionic villus sample, amniotic ?uid 
sample or a placenta sample to cells of different lineages, 
including, but not limited to, osteogenic, adipogenic, myo 
genic, neurogenic, hematopoietic, hepatic and endothelial 
lineages. The method comprises exposing the sample to one 
or more differentiation-inducing agents either in vivo or in 
vitro. Cells may be isolated from the sample before differ 
entiation. 

[0013] In yet another aspect, the present invention pro 
vides a method for assessing viability, proliferation poten 
tial, and longevity of the pluripotent human fetal stem cells 
derived from chorionic villus, amniotic ?uid and placenta. 

[0014] In another aspect the invention provides a method 
of treating disease in a human comprising administering to 
a human in need thereof a substantially enriched population 
of cells comprising pluripotent c-kit positive human fetal 
stem cells Which have been differentiated to a lineage 
selected from osteogenic, hematopoietic, adipogenic, myo 
genic, hepatic, neurogenic and endothelial cell lineage. For 
example, Parkinson’s disease can be treated With the iso 
lated pluripotent c-kit positive stem cells of the present 
invention either directly, or after di?‘erentiating such cells 
into a neuronal cell lineage capable of producing dopamine. 

[0015] The invention further provides a method of trans 
planting into a human in need thereof a substantially 
enriched population of cells comprising pluripotent c-kit 
positive human fetal stem cells Which have been differen 
tiated to a lineage selected from osteogenic, hematopoietic, 
adipogenic, myogenic, hepatic, neurogenic and endothelial 
phenotype. 

[0016] In another aspect, the invention provides a com 
position suitable for bonemarroW transplantation comprising 
a substantially enriched population of cells comprising pluri 
potent c-kit positive human fetal stem cells Which have been 
differentiated to a lineage selected from osteogenic, hemato 
poietic, adipogenic, myogenic, hepatic, neurogenic and 
endothelial phenotype. 

[0017] Further, the invention provides a method of obtain 
ing a population of cells enriched for pluripotent fetal stem 
cells, comprising isolating a tissue specimen from the chori 
onic villus of a human placenta. 

[0018] The invention also provides a method of obtaining 
a population of cells enriched for pluripotent fetal stem cells, 
comprising isolating a tissue specimen containing said cells 
from human placenta, chorionic villus or amniotic ?uid. 

[0019] In yet another aspect the invention provides a 
method of obtaining a population of cells enriched for 
pluripotent fetal stem cells, comprising selecting c-kit posi 
tive cells from placenta. 

[0020] The invention further provides a method of obtain 
ing a population of cells enriched for pluripotent fetal stem 
cells, comprising the steps of cryopreseverving a tissue 
specimen from the chorionic villus, amniotic ?uid or pla 
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centa, and thaWing the cryopreserved specimen at a later 
date and selecting c-kit positive cells. 

[0021] In another aspect, the invention provides a method 
of producing a population of cells enriched for pluripotent 
fetal stem cells comprising isolating c-kit positive cells from 
the chorionic villus, placenta or amniotic ?uid, and prolif 
erating the cells in culture medium. 

[0022] In another aspect, the invention provides a method 
of producing differentiated tissue comprising providing a 
tissue specimen from chorionic villus, amniotic ?uid or 
placenta, culturing the tissue under conditions that cause 
c-kit positive cells to proliferate; and upon induction cause 
the c-kit positive cells to differentiate. 

[0023] The invention also provides a method of the inven 
tion provides a method of obtaining a population of cells 
enriched for pluripotent fetal stem cells, comprising isolat 
ing a tissue specimen from the chorionic villus of a human 
placenta, placenta, or amniotic ?uid further comprising 
using negative selection to enrich c-kit positive cells from 
the chorionic villus. 

[0024] In yet another aspect, the invention provides a 
method of obtaining a population of cells enriched for 
pluripotent fetal stem cells, comprising isolating a tissue 
specimen containing said cells from human placenta, chori 
onic villus or amniotic ?uid Wherein the cells are subse 
quently cryopreserved. 
[0025] Finally, the present invention provides therapeutic 
applications for the fetal stem cells derived from a chorionic 
villus and/or an amniotic ?uid and/or a placenta sample 
including, but not limited to (a) autologous/heterologous 
enZyme replacement therapy; (b) autologous/heterologous 
transgene carriers in gene therapy; (c) autologous/heterolo 
gous tissue regeneration/replacement therapy; (d) recon 
structive treatment by surgical implantation; (e) reconstruc 
tive treatment of tissues With products of these cells; and (f) 
tissue engineering. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIGS. 1A-1G shoW results from chorionic villi and 
amniotic cell characteriZation experiments. BetWeen 0.8 and 
3% of the amniotic and chorionic villi cells Were c-kitIDOS 
[1A]. The c-kitIDOS cells did not stain With mouse stage 
speci?c embryonic antigen 1 [1B], but stained positively for 
human stage speci?c embryonic antigens 3 and 4 [1C and 
1D]. Analyses of late passage c-kitIDOS cells (PD 200) shoWed 
a normal karyotype Telomerase activity Was evaluated 
using the Telomerase Repeat Ampli?cation Protocol 
(TRAP) assay The chorionic villi and amniotic c-kitIDOS 
cells Were telomerase positive (lanel). Upon differentiation 
into speci?c lineages, telomerase activity diminished to 
undetectable levels (Lane 2). Lane 3 shoWs the positive 
control. Lane 4 represents negative control cell lysate, 
shoWing no telomerase activity. The telomeric length Was 
evaluated by terminal restriction fragment (TRF) measure 
ment [1G]. C-kitIDOS cells had similar telomere lengths, both 
at early and late passages (250 PD) (lane 3 and 4, respec 
tively) as compared With a high molecular Weight marker, 
approximately 10.2 kbp (lane 2). Lane 1 represents a loW 
molecular Weight marker. 

[0027] FIGS. 2A-2L demonstrate osteogenic induction of 
the c-kitIDOS cells isolated from chorionic villi and amniotic 
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?uid. The shape of chorionic villi and amniotic c-kitIDOS cells 
treated With osteogenic-inducing medium after 4 days of 
induction changed to an osteoblast-like appearance [2A], 
Whereas cells in the control medium did not lose their 
spindle-shaped phenotype [2B]. Alkaline phosphatase activ 
ity Was quanti?ed in c-kitl"OS cells that Were incubated With 
osteogenic-inducing and control medium for 32 days [2C]. 
Numbers represent alkaline phosphatase production in nMol 
p-Nitrophenol/min/lO6 cells, showing a peak of production 
at day 16 (solid line); Whereas c-kitIDOS cells grown in control 
medium (shaded line) or c-kitneg cells groWn in osteogenic 
conditions (dotted line) did not shoW any alkaline phos 
phatase production. C-kitIDOS cells treated With osteogenic 
inducing medium and With control medium stained for 
alkaline phosphatase after 4, 8, 16, 24 and 32 days [2D]. 
Strong alkaline phosphatase staining Was noted in the osteo 
genic-induced cells starting at day 16, and remained high 
thereafter. C-kitIDOS cells groWn in control medium did not 
shoW any alkaline phosphatase staining. When con?uent, the 
cells formed typical lamellar structures similar to those 
found in bone C-kitIDOS cells in control medium did not 
form any lamellar structures Mineralization of cells 
Was quanti?ed using a chemical assay for calcium [2G]. 
Numbers represent calcium deposition in mg/dl. Osteo 
genic-induced ckitIDOS cells shoWed a signi?cant increase of 
calcium deposition starting at day 16 (solid line). No cal 
cium deposition Was detected in ckitIDOS cells groWn in 
control medium (shaded line) or ckitIDOS cells groWn in 
osteogenic conditions (dotted line). Furthermore cells 
treated With control medium or With osteogenic-inducing 
medium Were analyZed using von Kossa staining after 32 
days in culture (40><). The osteogenic-induced cells shoWed 
signi?cant mineralization starting at day 16 No min 
eraliZation occurred at any time point in cells groWn in 
control medium [21]. RNA Was isolated from amniotic 
c-kitloos cells groWn in control medium (lanes 1, 2, 3 and 4) 
and osteogenic-inducing medium (lanes 5, 6, 7 and 8). 
RT-PCR Was performed using primers for alkaline phos 
phatase, cbfal, osteocalcin and [32-microglobulin at days 8, 
16, 24 and 32 [2G]. RT-PCR shoWed upregulation of cbfal 
and osteocalcin at day 8 and it con?rmed the upregulation of 
alkaine phosphatase in the osteogenic-induced cells [2]]. 
C-kitloos cells Were seeded on hydroxyapatite-collagen scaf 
folds, induced into an osteogenic lineage, implanted subcu 
taneously in athymic mice, and harvested after 4 and 8 
Weeks. Bone-like tissue Was evident, surrounded by an 
extracellular matrix. Toluidine blue staining con?rmed the 
osteogenic phenotype. Large calci?ed areas Within the 
implanted tissue stained positively With von Kossa, indicat 
ing bone formation Non seeded sca?old Were 
implanted and used as control [2L]. 

[0028] FIGS. 3A-3F demonstrate adipogenic induction of 
the c-kitIDOS cells isolated from chorionic villi and amniotic 
?uid. Clusters of adipocytes appeared at 8 days [3A], and the 
percentage of cells increased With time until Oil-O-Red Was 
uniformly staining the adipogenesis-induced cells at day 16 
[3B]. C-kitIDOS cells cultured in control medium did not shoW 
any lxiypid deposits at day 16 [3C]. RNA Was isolated from 
c-kit cells groWn in control (lanes 1 and 2) and adipogenic 
inducing (lanes 3 and 4) medium [3D]. RT-PCR Was per 
formed using primers for PPARY2, lipoprotein lipase and 
[32-microglobulin at days 8 and 16, as indicated. Upregula 
tion of PPARY2 and lipoprotein lipase in cells groWn in 
adipogenic-inducing medium Was noted at days 8 and 16 
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(lanes 3 and 4). C-kitIDOS cells Were seeded on polyglycolic 
acid polymer sca?folds. Cells Were induced into an adipo 
genic lineage. The scalfolds Were implanted subcutaneously 
in athymic mice, harvested after 4 and 8 Weeks and ana 
lyZed. The retrieved scalfolds shoWed the formation of fatty 
tissues grossly The presence of adipose tissue Was 
con?rmed With Oil-O-Red staining (200x magni?cation) 
[3F]. 

[0029] FIGS. 4A-4l demonstrate myogenic induction of 
the c-kitIDOS cells isolated from chorionic villi and amniotic 
?uid. Under myogenic conditions the c-kitl"OS cells fused into 
multinucleated cells at day 4 [4A] and formed myotube-like 
structures after 8 days [4B]. Multinucleated cells stained 
green for sarcomeric tropomyosin [4C] and desmin [4D] 
expression 16 days after myogenic induction. Cell nuclei 
Were stained blue using DAPI. Untreated cells did not stain 
for sarcomeric tropomyosin [4E] or desmin RNA Was 
isolated from c-kitl"OS cells groWn in control (lanes 1 and 2) 
and myogenic-inducing (lanes 3 and 4) medium [4G]. RT 
PCR Was performed using primers for MyoD, MRF4 (her 
culin, Myf6), and desmin at days 8 and 16. Myogenic 
induced cells shoWed a strong upregulation of desmin 
expression at day 16 (lane 4). MyoD and MRF4 Were 
induced, With myogenic treatment at day 8 (lane 1). Speci?c 
PCR ampli?ed DNA fragments of MyoD, MRF4 and 
Desmin could not be detected in the control cells at days 8 
and 16 (lanes 1 and 2). C-kitIDOS cells Were labeled With the 
?uorescence marker PKH26 and Were induced into a myo 
genic lineage. The myogenic cells Were injected into the 
hindlimb musculature of athymic mice and Were retrieved 
after 4 Weeks. The injected myogenic cells shoWed the 
formation of muscle tissue (m) Which expressed desmin 
[4H] and maintained its ?uorescence [41]. The native muscle 
(n) did not express any ?uorescence. 

[0030] FIGS. 5A-5F demonstrate endothelial induction of 
the c-kitIDOS cells isolated from chorionic villi and amniotic 
?uid. CkitIDOS cells Were cultured as monolayers in PBS 
gelatin coated dishes With EBM-2 and bFGF and shoWed a 
typical endothelial appearance in vitro [5A]. The fully 
di?ferentiated endothelial cells stained for the endothelial 
speci?c markers FVIH [5B], KDR [5C] and PlHl2[5D]. 
Once cultured in matrigel the cells Were able to form 
capillary structures over time In order to con?rm the 
phenotypic changes We performed RT-PCR CD31 and 
VCAM shoWed a marked increased in the ckitIDOS cells 
induced in endothelial medium (lane2). CkitIDOS cells cul 
tured in control medium (lanel) did not shoW any gene 
ampli?cation. 

[0031] FIGS. 6A-6E demonstrate neurogenic induction of 
the c-kitIDOS cells isolated from chorionic villi and amniotic 
?uid. CkitIDOS cells cultured under neurogenic inducing con 
ditions changed their morphology Within the ?rst 24 hours. 
The cell cytoplasm retracted toWards the nucleus, forming 
contracted multipolar structures, With primary and second 
ary branches, and cone-like terminal expansions [6A]. The 
di?ferentiated cells stained for speci?c neurogenic markers [3 
III Tubulin [6B], Nestin [6C], and glial ?brillary acidic 
protein (GFAP) [6D]. Only the C-kitIDOS cells cultured under 
neurogenic conditions shoWed the secretion of glutamic acid 
in the collected medium. Furthermore the secretion of 
glutamic acid could be induced (KCl; 20 min in 50 mM KCl 
bu?er) 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The present invention is based upon a discovery 
that chorionic villus, amniotic ?uid, and placenta cells can 
be used to obtain a population of stem cells Which are 
comparable to embryonic stem cells in their pluripotent 
differentiation capacity and therefore are a viable source of 
stem cells that can be used therapeutically. 

[0033] Chorionic villus sampling and amniocentesis are 
Well established techniques for the collection of tissue from 
the human embryo (10 to 12 Weeks) and for the collection 
of ?uid from the human fetus (12 Weeks to term), respec 
tively. Chorionic villus sampling is performed on pregnant 
mammal, preferably human, and has been in use since the 
1980s. This procedure involves taking a sample of the 
chorion frondosumithat part of the chorionic membrane 
containing the villi. The chorionic membrane is the outer sac 
Which surrounds the developing fetus. Chorionic villi are 
microscopic, ?nger-like projections that emerge from the 
chorionic membrane and eventually form the placenta. The 
cells that make up the chorionic villi are of fetal origin. 

[0034] In humans, chorionic villus sampling is best per 
formed betWeen 10 and 12 Weeks of pregnancy. The proce 
dure is performed either through the vagina and the cervix 
(transcervically) or through the abdomen (transabdominally) 
depending upon the preferences of the patient or the doctor. 
In some cases, the location of the placenta dictates Which 
method the doctor uses. For the transcervical procedure, the 
Woman lies on an examining table on her back With her feet 
in stirrups. The Woman’s vaginal area is thoroughly cleansed 
With an antiseptic, a sterile speculum is inserted into her 
vagina and opened, and the cervix is cleansed With an 
antiseptic. Using ultrasound (a device Which uses sound 
Waves to visualiZe internal organs) as a guide, the doctor 
inserts a thin, plastic tube called a catheter through the 
cervix and into the uterus. The passage of the catheter 
through the cervix may cause cramping. The doctor care 
fully Watches the image produced by the ultrasound and 
advances the catheter to the chorionic villi. By applying 
suction from the syringe attached to the other end of the 
catheter, a small sample of the chorionic villi are obtained. 
A cramping or pinching feeling may be felt as the sample is 
being taken. The catheter is then easily WithdraWn. 

[0035] For the transabdominal method, the Woman lies on 
her back on an examining table. Ultrasound enables the 
doctor to locate the placenta. The speci?c area on the 
Woman’s abdomen is cleansed thoroughly With an antiseptic 
and a local anesthetic may be injected to numb the area With 
ultrasound guidance, a long needle is inserted through the 
Woman’ s abdominal Wall, through the uterine Wall and to the 
chorionic villi. The sample is obtained by applying suction 
from the syringe. The chorionic villus sample is immediately 
placed a into nutrient medium. 

[0036] Amniotic ?uid is obtained using amniocentesis. 
The Word amniocentesis literally means “puncture of the 
amnion,” the thin-Walled sac of ?uid in Which a developing 
fetus is suspended during pregnancy. During the sampling 
procedure, the obstetrician inserts a very ?ne needle through 
the Woman’s abdomen into the uterus and amniotic sac and 
WithdraWs approximately one ounce of amniotic ?uid. 

[0037] The physician uses ultrasound images to guide 
needle placement and collect the sample, thereby minimiZ 
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ing the risk of fetal injury and the need for repeated needle 
insertions. Once the sample is collected, the Woman can 
return home after a brief observation period. She may be 
instructed to rest for the ?rst 24 hours and to avoid heavy 
lifting for tWo days. Consequently, the fetal cells contained 
in the ?uid are isolated and groWn as explained beloW. 

[0038] These techniques may be used to obtain chorionic 
villus and amniotic ?uid samples in accordance With the 
present invention. Cultured cells from the chorionic villi or 
amniotic ?uid of pregnancies have been used Widely for the 
prenatal diagnosis of genetic disorders. The morphologic 
heterogeneity of these cells is Well knoWn. Numerous cell 
types from all 3 germ layers are found in the placenta and the 
amniotic ?uid at different levels of differentiation (6). Large 
quantities of chorionic villi and amniotic ?uid are available 
during pregnancy and at the time of birth, and cells can be 
easily obtained from these sources. The same is true for 
placenta, Which is obtainable after birth. 

[0039] A sample of placenta may be obtained using a 
punch-biopsy, a scalpel or homogenizing the placenta or a 
portion thereof using, for example, a blender. The homoge 
nate may then be used as a source of cells. 

[0040] Stem cell differentiation requires cell-cell contact 
and cell-extracellular matrix interactions. While not Wishing 
to be bound by a particular theory, it is believed that 
chorionic villus, amniotic ?uid and placenta make a good 
source of undifferentiated cells because the cells liberated in 
the chorionic villus and amniotic ?uid from the fetus during 
development may not receive any signal of differentiation, 
and may be able to maintain their “pluripotential” state. We 
have discovered that the preferred cells are c-kit positive. 
Thus, the c-kit marker can be used to isolate these cells. As 
used herein the terms “pluripotent” or “pluripotential” cell 
refers to a cell that has complete differentiation versatility, 
i.e., the capacity to differentiate into at least osteogenic 
phenotype, hematopoietic phenotype, adipogenic pheno 
type, myogenic phenotype, hepatic phenotype and endothe 
lial phenotype in appropriate inducing conditions, preferably 
the pluripotent cell has the capacity to differentiate to any of 
the mammalian body’s about 260 different cell types. 

[0041] The c-kit gene encodes a tyrosine kinase groWth 
factor receptor for Stem Cell Factor (SCF), also called mast 
cell groWth factor, that is essential for hematopoiesis, mel 
anogenesis and fertility. The larger 45 kDa form is processed 
to generate a 31 kDa soluble factor While the smaller 32 kDa 
form gives rise to a 23 kDa factor. Expression of the tWo 
alternatively spliced forms is someWhat tissue-speci?c; the 
31 kDa form of SCF is expressed in ?bro-blasts and thymus 
tissue While the 23 kDa factor is found in spleen, testis, 
placenta and cerebellum. The c-kit receptor protein, also 
knoWn as c-Kit receptor, Steel factor receptor, stem cell 
factor receptor and CD117 in standardized terminology of 
leukocyte antigens, is constitutively expressed in hemato 
poietic stem cells, mast cells, germ cells, melanocytes, 
certain basal epithelial cells, luminal epithelium of breast, 
and the interstitial cells of Cajal of the gastrointestinal tract. 
The c-kit receptor plays a fundamental role during the 
establishment, maintenance and function of germ cells. In 
the embryonal gonad the c-kit receptor and its ligand SCF 
are required for the survival and proliferation of primordial 
germ cells. In the postnatal animal, c-kit/SCF are required 
for production of the mature gametes in response to gona 






































