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This study focused on the characterization of mesenchymal stromal cells (MSCs) from the
chorion of human full term placenta from 15 donors. Chorionic MSCs revealed
homologous fibroblast-like morphology and expressed CD73, CD29, CD105, and CD90.
The hematopoietic stem cell markers including HLA DR, CD11b, CD34, CD79a, and CD45
were not expressed. The growth kinetics of their serial passage was steady at the later
passages (passage 10). The multilineage capability of chorionic MSCs was demonstrated by
successful adipogenic, osteogenic and chondrogenic differentiation and associated gene
expression. Chorionic MSCs expressed genes associated with undifferentiated cells
(NANOG, OCT4, REXT) and cardiogenic or neurogenic markers such as SOX2, FGF4, NES,
MAP2, and NF. TERT was negative in all the samples. These findings suggest that chorionic
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MSCs undifferentiated stem cells and less likely to be transformed into cancer cells. A low

HLA DR expression suggests that chorionic MSCs may serve as a great source of stem cells
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INTRODUCTION

Adult stem cells are considered as an excellent source for research
because they pose few ethical problems and limitations in terms
of availability. Adult stem cells have been isolated from a variety
of sources including bone marrow (BM), fat tissue, umbilical
cord and different parts of the placenta. Although many types
of stem cells are available, the sources of the stem cells selected
for clinical use should possess the ability to renew, be easily iso-
lated and be pluripotent. These properties can be satisfied with
human term placental-derived stromal cells. It is essential to
understand the expansion capability and potency of isolated
stem cells. These stromal cells are available in abundance and
they do not involve partum: because they are easy to procure,
there is a large supply available and they are exempt from ethi-
cal debate (1).

This study focused on the characterization of mesenchymal
stromal cells (MSCs) from the chorion. We characterized the
surface markers and multilineage differentiation (adipogenic,
osteogenic and chondrogenic induction) ability of cultured
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for transplantation because of their immune-privileged status and their
immunosuppressive effect. Based on these unique properties, it is concluded that chorionic
MSCs are pluripotent stem cells that are probably less differentiated than BM-MSCs, and
they have considerable potential for use in cell-based therapies.
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chorionic MSCs. We also present our findings regarding their
growth rate and gene expressions.

MATERIALS AND METHODS

Cell isolation from the placental tissue and cell culture

Human placenta (n = 15) was collected following delivery at
the Seoul St. Mary’s Hospital. The chorion was separated from
the amnion by peeling them apart. Because chorionic MSCs
were derived from the reticular layer of the chorion, the decidu-
al tissue was scrapped mechanically and washed in Dulbecco’s
phosphate-buffered saline (DPBS; Gibco, Grand Island, NY, USA)
before being cut into small pieces (-2 x 2 cm). The chorion were
chopped into small pieces and subjected in 0.5% trypsin-EDTA
for 5 min, followed by digestion with 0.3% collagenase I (Gibco)
in 37°C incubator for 20 to 30 min. The mobilized cells were then
collected and passed through a 100 um cell strainer (BD Falcon,
Bedford, MA, USA). The filtered cells were collected by centrif-
ugation at 2,500 rpm for 5 min (Fig. 1). The cells were resuspend-
ed in o-modified minimum essential medium (a-MEM; Gibco)
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supplemented with 10% fetal bovine serum (FBS; Hyclone, South
Logan, Utah, USA) and 1% penicillin-streptomycin (Gibco), and
cultured in T25 flasks (BD Falcon) at 37°C and 5% CO.. The me-
dia was changed every 3 days until the chorionic MSCs reached
70% confluency.

Cell proliferation potential

At 70% subconfluency, the cells were trypsinized and counted
using an automated hematology analyzer (Coulter A®.T diff,
Beckman Coulter, South Kraemer Boulevard, CA, USA). The
proliferation potential was estimated using the number of cells
at each passage. The time required to reach subconfluency at
each passage was also analyzed.

Flow cytometry

Flow cytometry was performed on chrionic MSCs at 3rd pas-
sage. To evaluate the cell-surface marker expression, cell sus-
pensions of 1 x 10° were incubated for 15 min at room temper-
ature in the dark with fluorescein isochiocyanate- or phycoery-
thrin-conjugated monoclonal antibodies specific for the hu-
man markers associated with mesenchymal and hematopoietic
lineages. The employed antibodies were CD73, CD90, CD105,
HLA DR, CD11b, CD34, CD79a, and CD45 (BD Biosciences, San
Jose, CA, USA). The samples were fixed using fixation buffer
(BD Biosciences) and analyzed on a FACS Aria cytometer and
the resulting data was processed using CellQuest software (BD
Biosciences).

In vitro differentiation
Differentiation of each sample was performed according as fol-
lows; the cells were harvested at 3rd passage by trypsinization
and seeded in 6-well culture dishes (BD Biosciences) as a con-
centration of 1 x 10°/well. After expanding MSCs in growth
medium to 70% confluency, media were changed into differen-
tiation induction media. Cells were incubated at 37°C for 3 weeks,
and the fresh medium was replaced every 3 days. To evaluate
adipogenic differentiation, the cells were cultured in adipogen-
esis differentiation basal medium (Gibco) containing adipogen-
sis supplement such as 1 uM dexamethasone, 0.5 mM isobutyl-
methylxanthine and 200 M indomethacin. The cytoplasmic
inclusions of neutral lipids were then stained with oil red O (Sig-
ma-Aldrich, St. Louis, MO, USA). Cells were fixed with 4% para-
formaldehyde (PFA) solution and incubated in 60% isopropa-
nol for 5 min at room temperature and then aspirate. Cells were
stained with oil red O (Sigma) solution for 30-60 min.

Chondrogenic differentiation was assessed in a monolayer
culture by incubating cells for 2-3 weeks in chondrogenesis dif-
ferentiation basal medium (Gibco) containing chondrogensis
supplement such as 10 ng/mL TGF-B1 and 50 nM ascorbic ac-
id-2-phosphate. The presence of metachromatic matrix was
visualized by alcian blue (Sigma-Aldrich) staining. Cells were
fixed with 4% PFA solution and incubated in 1% alcian blue so-
lution for 60 min at room temperature. After rinse, nuclei were
stained using nuclear fast red (Sigma) for 5 min.

Osteogenic differentiation was assessed by incubating the
cells in osteogenesis differentiation medium (Gibco) contain-

Fig. 1. Cell isolation from chorion of the human placenta. Transport container and placenta containing chorion and amnion (A, B). Chorion isolated from the amnion by peeling
(C). After removal of decidual tissue (D) and chopped into small pieces (E). Morphology of the cells after enzyme digestion (F) (x 100).
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ing osteogenesis supplement such as 100 nM dexamethasone,
50 uM ascorbic acid-2-phosphate and 10 ng/mL recombinant
human bone morphogenetic protein. The osteoblasts were iden-
tified by visualizing calcium deposits using the von Kossa meth-
od for calcium kit (Polysciences, Warrington, PA, USA). Cells
were fixed with 4% PFA solution and incubated in 3% silver ni-
trate solution exposed UV light for 1 hr. After rinse, cells were
incubated in 5% sodium thiosulfate for 2 min.

RNA preparation and Reverse transcription polymerase
chain reaction (RT-PCR)

The total RNA was extracted from chorionic MSCs in 2nd (n =
6) and 3rd (n = 7) passage using a High Pure RNA Isolation Kit
(Roche Applied Science, Mannheim, Germany) according to
the manufacturer’s recommendations. The stemness nature was
visualized by detection of octamer-binding protein 4 (OCT4),
SRY-related HMG-box 2 (SOX2), NANOG and reduced expres-
sion 1 (REX1). The extra-embryonic endoderm marker of GATA4
and chromatin modification and remodeling marker of telom-
erase reverse transcriptase (TERT) were analyzed. Fibroblast
growth factor 4 (FGF4), HLA ABC, HLA DR and the markers as-
sociated with neurogenesis were also evaluated, including mi-
crotubule-associated protein 2 (MAP2), neurofilament (NF)
and nestin (NES).

Real-time quantitative RT-PCR (RT-qPCR)

Cell differentiations were also assessed for 21 days by perform-
ing RT-qPCR on the extracted mRNAs. Adipogenic differentia-
tion, chondrogenic differentiation and osteogenic differentia-
tion were detected by the expression of lipoprotein lipase (LPL)

and adiponectin (ADIPOQ), SOX9 and osteopontin (OPN),
respectively. The relative mRNA expression from RT-qPCR ex-
periments were estimated as the value 2% using glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) as an internal con-
trol (2).

Ethics statement

Human term placentas were obtained after receiving maternal
informed consent. The experiment protocol was approved by
the institutional review board of the Catholic Medical Center
(IRB No. KC09WZZZ0173). All of the procedures followed the
guidelines of the board. We received informed consents from
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Fig. 3. Cell population curve of chorionic mesenchymal stromal cells from 3 human
term placenta.

Fig. 2. Morphology of chorionic mesenchymal stromal cells in passage 0, 1,2, 3,5, 7, 9, and 10. (A-H) (x 40).
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all of the participants.
RESULTS

Characteristics of the chorionic MSCs
Chorionic MSCs presented with a fibroblast-like morphology

64

very similar to that of BM-MSCs after 3 days in culture. Attached
colonies are detected 7 days after seeding. It takes an average
of 12 days to subculture the colonies first. The next subcultures
were usually performed after 5 days. The homologous popula-
tion of MSCs continued to proliferate which characterized by a
small cell body with a few cell processes that are long and thin.
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Fig. 4. Representative flow cytometry histogram of chorionic mesenchymal stromal cells. Colored histogram: isotype control, open histogram: signal for each specific antibody.
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Fig. 5. Oil Red O staining of chroionic mesenchymal stromal cells (MSCs) after adipogen-
ic induction (A). Alcian blue staining after chrondrogenic induction (B). Silver nitrate stain-
ing after osteogenic induction (C) (x 40). Expression of LPL, ADIPOQ, SOX9, and OPN (D).
For this analysis, gene expression in chorionic MSCs before differentiation induction was
setto 1.

http://dx.doi.org/10.3346/jkms.2012.27.8.857



Koo BK; et al. * Isolation and Characterization of Chorionic Mesenchymal Stromal Cells

JKMS

The cell population curve demonstrated that chorionic MSCs
maintain a continuous proliferation potential up to 10 passages
(Fig. 2). The proliferation capacity was highest at 6 to 7 passages
with an average of 35 days after seeding (Fig. 3).

Chorion MSCs express multiple markers of MSCs. The cul-
tured chorionic MSCs revealed positivity for the MSC markers
CD73, CD90, and CD105 and they were negative for the hema-
topoietic stem cell markers HLA DR, CD11b, CD34, CD79a, and
CD45 (Fig. 4).

Differentiation of chorionic MSCs

Our study showed that chorionic MSCs possess the potential to
differentiate into adipocytes, chondroblasts and osteoblasts.
The cells differentiating towards adipocytes accumulated lipid-
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Fig. 6. RT-PCR analysis 11 selected genes in 2nd (left) and 3rd (middle and right)
passage chorionic mesenchymal stromal cells. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as an internal control.
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rich vacuoles in the cytoplasm and these vacuoles stained red
with Oil Red O (Fig. 5A). The control cultures retained their mor-
phology and did not show lipid accumulation. The ability to un-
dergo chondrogenic differentiation was shown by alcian blue
staining, which demonstrated cartilage-specific metachroma-
sia after 3 weeks of monolayer culture with chondrogenic induc-
tion medium, and this was not observed when the cells were
cultured in control medium (Fig. 5B). Matrix mineralization was
observed after 3 weeks of culture in osteogenic induction me-
dium, and this was characterized by the deposition of calcium
deposits and these were colored brown-black with silver nitrate
solution (Fig. 5C). After osteogenic, chondrogenic and adipo-
genic differentiation, the mRNA expression levels of the lineage-
specific markers osteopontin, SOX9 and LPL and adiponectin
were increased more than those of the control (Fig. 5D).

Gene expression

The human chorionic MSCs isolated in the present study ex-
pressed pluripotency markers such as OCT4, SOX2, and NANOG.
GATA4, which are associated with embryogenesis and myocar-
dial differentiation, and neurogenesis markers, which included
MAP2, NF, and NES, were also expressed in all the samples. REX1
was expressed in all of the 2nd passage samples and in 4 sam-
ples of the seven 3rd passage samples. TERT was not expressed
in any of the samples. HLA ABC was expressed in all the sam-
ples. HLA DR was weakly expressed in four samples among the
six 2nd passage samples and it was not expressed in any of the
3rd passage samples (Fig. 6).

DISCUSSION

The fetal membranes of the human placenta contain stromal/
mesenchymal tissue at the contact point between the tropho-
blastic region of the chorion and the amniotic epithelial layer.
The chorion is the membrane attached to the amnion by a spongy
layer of loosely arranged collagen fibers. It consists of the meso-
dermal and trophoblastic regions and it is easily separated from
the amnion. To date, amniotic MSCs have been widely charac-
terized and discussed, but there are few research reports on cho-
rionic MSCs (3-5). A few reports have disclosed the multipoten-
tial and expansion capability of the stem cells isolated from this
source (6, 7). The minimal criteria for defining MSCs from pla-
centa are as follows: adherence to plastic, formation of fibroblast
colony-forming units, a specific pattern of the surface antigen
expressions, the differentiation potential toward one or more
lineages, including the osteogenic, adipogenic, chondrogenic
and vascular/endothelia lineages, and a fetal origin (1).

In the present study, we have demonstrated that chorionic
MSCs from human full term placenta possess immune pheno-
types and gene expression profiles that are largely characteristic
of undifferentiated cells. We observed that chorionic MSCs
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showed spindle shaped fibroblastic features that have been
described as stem cell morphology. MSCs expressed surface
markers, including CD73, CD29, CD105, and CD90, and this is
profile similar to that of BM MSCs. The growth kinetics of their
serial passage in the present study was steady at the later pas-
sages. A low HLA DR expression, as seen in the results, suggests
that chorionic MSCs may serve as a great source of stem cells
for transplantation because of their immune-privileged status
and their immunosuppressive effect (6-8). The multilineage ca-
pability of human chorionic MSCs was demonstrated by suc-
cessful adipogenic, osteogenic and chondrogenic differentia-
tion. These findings were further supported by the expression
of lineage-specific genes.

The qualitative mRNA expression profile revealed the chori-
onic MSCs expressed genes associated with undifferentiated
cells (NANOG, OCT4, REXI). Some of these genes are known
to be expressed in embryonic stem cells, but they are not com-
monly expressed in BM MSCs (OCT4, REX1). Our findings that
these markers of undifferentiated cells are also expressed in cho-
rionic MSCs leads us to conclude that chorionic MSCs may be
less differentiated than most BM MSCs, and chorionic MSCs
may more closely resemble pluripotent ESCs (9). It has been
reported that the different mRNAs of those genes in chorionic
MSCs are deceased after serial passage (6). GATA4, which is not
expressed in BM MSCs, is a critical regulator of the cardiac gene
expression, it controls embryonic development and cardiomyo-
cyte differentiation and it confers a stress responsiveness in the
adult heart (10, 11). Chorionic MSCs also expressed high levels
of neurogenic markers (12). SOX2, FGF4, and NES are known to
be pluripotent and neural markers (13, 14). Kosaka et al. (14)
reported that SOX2 regulates the FGF4 expression, which in turn
promotes neural stem cell proliferation and neural differentia-
tion in the postnatal brain. NES is a specific marker for neural
stem cells, and it is also found in other developing cells, includ-
ing muscle and myocardial cells and MAP2 and NF are used as
markers for mature neurons (15). The neurogenic potential of
chorionic MSCs was almost 2-fold higher compared with that
of BM MSCs, amnion epithelial cells or amniotic MSCs (16).
Thus, the spontaneous expression of all of these genes suggests
that chorionic MSCs have the potential to readily differentiate
into cardiomyocytes as well as other mesodermal derivatives,
in addition to neural cells. It is interesting that HLA-DR mRNA
was expressed in the majority of the 2nd passage chorionic MSCs,
but not in the 3rd passage chorionic MSCs. One possible expla-
nation for this phenomenon may have been that if the chorion-
ic MSCs are passaged several times in vitro, then the expression
of HLA-DR is diminished, as was observed in amniotic MSCs
(5). Otherwise, some cultures contaminated with trophoblasts
were negatively selected through the 2nd to 3rd passages (6).
Alternatively, the difference may be considered as being due to
the sensitivities of the methods used, that is, flow cytometry ver-
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sus RT-PCR. It will be helpful to confirm those differences using
several methods, including RT-qPCR. Therefore, chorionic MSCs
may be more pluripotent and they can be effectively used rather
than BM MSCs for the adequate indications. Telomerase is
known to maintain the telomere length, and it has been indi-
cated to play a role in the self-renewal and pluripotency of ESCs
(16). A telomerase expression was found in the MSCs of the
embryo and the early fetal developmental stage in the preterm
human placenta, but not during the late fetal and adult stages
of development (17). TERT was negative in all the samples of
that study. These findings suggest that chorionic MSCs are less
likely to be transformed into cancer cells (6). Hence, chorionic
MSCs could be a safe cell source for cell therapy.

The results of the experiments described in this report dem-
onstrate that chorionic MSCs can differentiate into adipocytes,
osteocytes and chondrocytes. They can express many pluripo-
tent stem cell-specific genes and proliferate well during the ex
vivo expansion. Based on these unique properties, it is conclud-
ed that chorionic MSCs are pluripotent stem cells that are prob-
ably less differentiated than BM-MSCs, and they have consider-
able potential for use in cell-based therapies.
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