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Days in Colonies
culture G M GM E Mix Total
mFLSC alone

0 0 0 0 0 0

Co-culture with mFLSC

Day 0 0 0 0 0 0 0
Day 8 0  1.2:04 0 0 0 1.2+0.4
Day 15 5.4+1.7 60.6+4.1 32.5£7.5 6.6+3.0 9.4+2.5 114.5+7.0

Each value shows the mean + SD of colony numbers formed from 2 x 10°
cells.
Abbreviations: G, granulocyte; M, macrophage, GM,

granulocyte-macrophage; E, erythroid; and Mix, mixed lineage colonies.
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Human Placenta-Derived Cells Have Mesenchymal
Stem/Progenitor Cell Potential
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Division of Cellular Therapy, The Advanced Clinical Research Center,
Institute of Medical Science, The University of Tokyo, Japan

Key Words. Homan placenta * Placenta-derived cells * Mesenchymal stem/fprogenitor cells * Cell culture

ABSTRACT

Mesenchymal stem/progenitor cells (MSCs) are widely
distributed in a variety of tissues in the adult human body
(e.g., bone marrow [BM], kidney, lung, and liver). These
cells are also present in the fetal environment (e.g., bloed,
liver, BM, and kidney). However, MSCs are a rare popula-
tion in these tissues. Here we iried to identify cells with
MSC-like potency in human placenta, We isolated adher-
ent cells i‘rom ir ypsm-dlgested term placentas ami estab-
lished two clones by lnmtmg dllutmn We exannnecl these
cells for morphology, surface marker: Sy gene Ay ession
patterns , aiid dnft'erentlatmn potentlal aud found that they

expressed several stem cell markers, hematopoietic/
endothelial cell-related genes, and orgaii- specific genes,
as determined by reverse transcription~ polyinerase
chain reaction and fluorescence-activated cell sorter .
analysis. They also showed osteogenic and adipogenic dif-
ferentiation potentials under appropriate conditions, We
suggest that placenta-derived cells have muliilineage dif-
ferenﬁaﬁon potential similar to MSCs in terms of mor-
phology, cell=surface auntigen expressmn, and gene expres-
sion patterns The placenta may prove to beauseful source
of MSCs, Stem Cells 2004;22: 649—65 8

INTRODUCTION

Multipotential mesenchymal stem/progenitor cells (MSCs)
can be induced to differentiate into bone, adipose, cartilage,
muscle, and endothelium if these cells are culiured under
specific permissive conditions [1, 2]. In rodents; a specific
type of MSC (termed multipotent adylt progenitor cell).can
be isolated from bone mairow (BM) and contribiites tomost
somatic cell types when injected into eaily blastocysis atthe
single-cell level [3]. Becanse MSCs have unique immunio-
logic characteristics that suppress lymphocyte proliferation
in vitro and prolong skin graft survival in vivo [4], persist-

ence in a xenogeneic environment is favored [1]. With such
multiple differentiation capacities and unique immunoregu-
latory features pl]is self-renew potential [5], MSCs show
promise as a possible thesfapeutic agent: Data from preclini-
cal transplantation studies suggested that MSC infusions not
only prevent the occurrence of graft failure but also have
inmunomodulatory effects [6].

MBCs are a rare population (approximately 0.001%~
0.01%) of adult buman BM [7]. Moreover, numbers of BM
MSCs significantly decrease with age [8]. MSCs are also rel-
atively few in adult peripheral blood [9] and in term cord

Correspondence: Yumi Fykuchi, Ph.D., Division of Cellular Therapy, The Advanced Clinical Research Center, Institute of Med-
ical Science, The University ofToky0,4 6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan. Telephone: 81-3- 5449-5759;
Fax: 81-3-5449-5453; e-mail: yfukuchi @ims.u-tokyo.ac.jp Received June 6, 2003; accepted for publication March 23, 2004.

©AlphaMed Press 1066-5099/2004/$12.00/0

STEM CELLS 2004;22:649-658 www.StemCells.com



650

blood [10]. A recent study showed that the population of
MSC-like cells exists within the nmbilical vein endothelial/
subendothelial layer [11]. Furthermore, MSCs are presentin
fetal organs, such as liver, BM, and kidney, and circulate in
the blood of preterm fetuses [10, 12, 13]. However, fetal sam-
ples can be difficult to procure, and term cord blood com-
pared with preterm is a poor source of MSCs [10-12]. Such
being the case, searching for appropriate sources, avoiding
ethical issues, and establishing suitable culture systems are a
challenge.

In this study, we ev. aluated the possibility that MSCs or
cells with MSC-like potency are present in the human term
placenta, and we obtained evidence that cells with the pheno-
type of MSCs exist in ihis tissue.

MATERIALS AND METHODS

Isolation and Culture of Placenta-Derived Cells
Term placentas (= 57; clinically normal pregnancies, cae-
sarean section) were collected after obtaining written
informed consent from doners to the Tokyo Cord Blood
Bank,

The intemal area (approximately. 1 c®) of central pla-
centa lobules was minced, hemolyzed, trypsinized (37°C for
5 minutes), and finaily prepared in both single-cell suspen-
sionis and small digested residues: These samples were cul-
tured with o-minimui essential medinin MEM; Sigina-
Aldrich Co.; St. Louis; hitp://www.sigmaaldiich.com) and
supplemented with 15% fetal bovine serum (FBS; HyClone
Laboratories, Logan, UT, http I, hyclone com), 100
U/ml penicillin, and 100 ptg/m_l streptomycm (Inv1trogen,
Paisley, U.K., hitp://www.invitrogen.com). Cultures were
maintained at 37°C in a humidified atmosphere with 5%
CO,. Three to 5 days after initiating incubation, the small
digested residues were removed and the culture was contin-
ued. Approximately 3 to 4 weeks later, there were some
colonies that contained 50 or more fibroblast-like cells that
were more than 50% confluent; they were then trypsinized
using 0.05% trypsin (Invitrogen) and replated ai a 1:4 dilu-
tion. Under the same conditions, placenta-derived cells were
continued to culture.

Fluorescence In Situ Hybridization Analysis

Human X/Y chromosomes of placenta-derived cells (male,
n=3; female, n=3; passages two and three) were cultured on
silica~coating slides and examined using CEP X/Y DNA
probe kits (Vysis, Inc., Downers Grove, IL, http://www.
vysis.com) according to the manufacturer’s instrctions. The
slides were scanned under a fluorescence rmicroscope using a
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thodamine/fluorescein igothiocyanate .(FITC) filter for
X/Y chromosomes and a UV filter for 4',6-diamidine-2'-
phenylindole dihydiochloride-stained cell nuclei.

Fluorescence-Activated Cell Sorter Analysis

Frozen and thawed placenta-derived cells (n = 3, passages
9-12) were trypsinized and incubated with medium contain-
ing 13% FBS-2 mM EDTA (pH 8.0) for 3 hours. Next the
cells were stained with anti-human specific antibodies
CD45-phycoerythrin (PE), CD31-PE, CD54-PE, CD29-
FITC or CD29-PE, CD44-FITC or CD44-PH (BD Pharmin-
gen, San Diego, hitp://www.bdbiosciences.com), AC133/1-
PE (Miltenyi Biotec GmbH, Germany, hitp://www,
wiltenyibiotec.com), or PE- or FITC-conjugated isotype
control (BD Biosciences, San Jose, CA, http://www.bd
.com). Afier staining, cells were analyzed using fluores-
cence-activated cell sorter (FACS) Calibur flow cytometry
(Becton, Dickinson, Mountain View, CA).

RNA Extraction and Reverse Transcription—
Polymerase Chain Reaction

Total RNA from 10°~10° placenta-derived cells (n = 15, pas-
sages 2-18, including frozen and thawed samples) was iso-
lated using ISOGEN (Mippon Gene, Tokyo). RNA extracts
were ‘ireated with deoxyribonuclease I (Amplification
Grade; Invitiogen) for digesting contaminated genomic
DNA.

Reverse transcription (RT) reactions were cartied out
on 1 Hg of total RNA usmg the ThelmOScnptTM RT-poly-
mevase cham reaction (PCR) system (]'_nv1t10gen), and 40
cycles of PCR were run using the Platinum PCR SupelMlx
(Invitrogen) according to the manufacturer’s instructions.
Evaluation of all PCRs was estimated using appropriate
human tissue RNA (Clontech Laboratories, Inc., Palo Alio,
CA, hitp://www.clontech.com), human BM-derived MSCs
(Bio Whittaker, Inc., Walkersville, MD), and human cell
lines [14, 15]. ¢cDNA synthesis and genomic DNA. containi-
nation were examined using HOXB4 primers, which give
producis of 268 bp and 1.1 kb when amplifying cDINA and
genomric DNA, respectively. Human-specific primérs nsed
were as follows: Oct-4 (866 bp), CCGCCGTATGAGTTCT
GTGG/AGAGTGGTGACAGAGACAGG; Rex-1 (449 bp),
ATGGCTATGTGTGCTATGAGC/CCTCAACTTCTAGT
GCATCC; HOXB4 (268 bp), CTACCCCTGGATGCG
CAAAGICGAGCGGATCTTGGTGTTGG; CBFp (300bp),
TCGTGCCCGACCAGAGAAGC/TCAGAATCATGGGA
GCCTTC; p2-microglobulin (341 bp), GAGTGCTGTCTC
CATGTITG/TAACCACAACCATGCCTTAC GATA-2and
Tie-2 [16]; TAL-1 [17]; CD34, AC133, flk-1, myogenin,




Fukuchi, Nakajima, Sugiyamaetal.

nestin, and o-1-fetoprotein [18]; fli~1 [19]; Nkx2.5 and
GATA-4[207; renin and albumin [21]; GFAP [22], and amy-
lase and insulin [23]. .

Differentiation
Passage 2 throy,
frozen and thawe
osteogenic (0.1
phosphate; 50 p
ethasone, 5 ;_Lg/ml
60 M indometh:
[10] on two-_wel
tional, Naperville
tion was evaluated after 1%
and adipogenic differentiation was assessed using Qil Red 0
(Sigma) staining [2].

Subcloning and Characterization of
Placenta-Derived Clones

The MSCV-IRES-GFP retroviral plasn’ud wasi
PLAT-A packaging cells. Retroviral supemata
lected and infected in No. 40 placenta—denved ¢
five). The green fluorescent protein (GFP)-p
(passage seven) were sorted by FACS Va,n,tage{
try (Becton, Dickinson) and then subcultured at 5
per well (passage nine). After subcloning, we selscted single

retroviral-inserted subclones by Southein blot analysis using
a GFP cDNA probe. Two clones were obtained, and then we
carried out a FACS and RT-PCR analysis and differentiation
studies for characterization of these clones.

ResuLTs

Characterization of

Placenta-Derived Cells

Searching for alternative sources of MSCs, we attempted to
prepare human term placentas and isolated fibroblast-like
cells from every placenta isolation (n = 57; Fig. 1). In a sin-
gle-cell suspension culture of the isolated placenta, cells
firstly formed colony-forming unit fibroblagt (CFU-F)-like
colonies (Figs. 1A, b). On the other hand, in the culture of
small trypsin-digested residues of placenta, cells began to
migrate and proliferate (datanot shown). After the first pas-
sage, cells from both samples expanded in the SaMEmono- .
layer manner (Fig. 14, a—c) Cord blood (CB) s anch source
of hematopoietic stem cells and MSCs, and the term placenta
containg much CB; primarily adherent cells denved from
freshly isolated CB mononuclear cells (= 77). However,
CBs were obtained (after I‘eceivii;g the informed consent
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from Kiyosenomori Hospital, Tokyo) but did not survive in
o~-MEM containing 15% FBS To detenmne whether these
cells were from ma
did a fluorescence

_andY-probes. Th

nals, indicating {
centa (Fig. 1B)
into two grouj

the latter type w
also examined th
D

‘marker proﬁle of the above thiee
a-derived cell lines using FACS,
a_ksimiilyarfphenotype, as follows:
54"CD29"CD44* (Fig. 1D), which
notypes of BM-derived and CB-

representati

- ‘eﬁvéd cells, we did aRT-PCR
e,s;,/ijlcluding stem cell markers,
1 cell-related genes, and organ-
specitic genes. Thep derived cells expressed many of
the genes derived from mesoderm, ectoderm, and endoderm

(Fig. 2). Additionally, expression patterns of stem cell mark-

In conivast, cells cultured w1th regular mechum werenot sig-
nificantly stained (Figs. 3A, 3D). Such data indicate that the
placenta-derived cells had bidirectional = differentiation
potency.

Subcloning of Placenta-Derived Cells

The placenta-derived cells used in the above experiments
are ‘obvioﬁsly héterogelléous and may be amizture of prd-
genitors that can differentiate into specific lineages. To



