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Abstract
Objectives: Translational research using adult stem
cells derived from various tissues has been high-
lighted in cell-based therapy. However, there are
many limitations to using conventional culture sys-
tems of adult stem cells for clinically applicability,
including limited combinations of cytokines and use
of nutrients derived from animals. Here, we have
investigated the effects of placental extract (PE) for
culture of placenta-derived stem cells (PDSCs) as
well as their potential for hepatogenic differentiation.
Materials and methods: Placental extract, extracted
using water-soluble methods, was used as a supple-
ment for culture of PDSCs. Cell viability was deter-
mined using the MTT assay, and cytokine assay was
performed using Luminex assay kit. Gene expres-
sion, indocyanine green (ICG) up-take, PAS (Peri-
odic Acid-Schiff) staining and urea production were
also analysed.
Results: The placental extract contained several
types of cytokine and chemokine essential for main-
tenance and differentiation of stem cells. Expression
of stemness markers in PDSCs cultured with PE is
no different from that of PDSCs cultured with foetal
bovine serum (FBS). After hepatogenic differentia-
tion, expression patterns for hepatocyte-specific
markers in PDSCs cultured with PE were consistent
and potential for hepatogenic differentiation of
PDSCs cultured with PE was similar to that of

PDSCs cultured with FBS, as shown by PAS staining
and urea production assays.
Conclusions: Our findings revealed that placental
extract could be used as a new component for culture
of adult stem cells, as well as for development of
human-based medium, in translational research for
regenerative medicine.

Introduction

Adult stem cells, including mesenchymal stem cells
(MSCs) derived from various tissues, are attractive
sources for use in cell therapy in the field of regenerative
medicine (1). Among adult stem cells, bone marrow-
derived MSCs (BM-MSCs) are multi-potent cell popula-
tions with immunomodulatory functions. When cultured
using appropriate conditions for differentiation into target
cells (that include osteocytes, chondrocytes, adipocytes,
neuronal cells, cardiomyocytes, hepatocytes and others),
they have potential for multi-lineage differentiation (2,3).
However, in terms of efficacy and safety, a number of dif-
ficulties is associated with their isolation and large-scale
culture for transplantation.

Otherwise, placenta-derived stem cells (PDSCs),
which are primitive cell sources derived from foetal
origins, have multipotential differentiation capacities for
various cell types. In addition, no ethical problems or
immune rejection problems are associated with use of
PDSCs. Other advantages include ease of accessibility
and abundant cell numbers (4–6). Thus, many scientists
have demonstrated the possibility of cell-based therapy
using PDSCs.

At present, the problem of obtaining multipotential
cells that can be safely expanded and manufactured for
use as clinical-grade stem cells with multilineage differen-
tiation potential, is a major obstacle to successful cell ther-
apy (7–9). One important point is that there are limitations
to production of clinically applicable adult stem cells
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using conventional culture systems.; these include limited
combinations of cytokines and sources of nutrients, such
as foetal bovine serum and animal-derived feeder cells
(9,10). Furthermore, mechanisms that govern differentia-
tion and interactions within cytokine mixtures are still
controversial. For this reason, new sources derived from
human materials must be sought for recently required
clinical applications.

In general, the placenta can synthesize ⁄derive various
nutrients and metabolites, which are supplied to the foe-
tus from the mother during pregnancy (11). There are
many types of cytokine that are essential for foetal
growth and development. A number of these plus hor-
mones and growth factors, such as hepatocyte growth fac-
tor (HGF), epidermal growth factor (EGF), transforming
growth factor-a, -b (TGF-a, -b) and their receptors have
also recently been identified in human placenta (12–14).
Thus, the potential of placental extracts for hepatic disor-
ders has been conceived (15). Although placental extracts
have broad use in clinical practice, activities of various
cytokines in them are often destroyed by processing or
use of organic solvents or high temperatures. This can
limit their application in biological as well as in clinical
research.

The aim of this study was to develop effective extrac-
tion methods for high quality proteins from placentas and
to evaluate the effects of placental extract for culture and
hepatogenic differentiation of PDSCs and to devise new
culture parameters that affect clinical grades for cell
therapy.

Materials and methods

Isolation and culture of placenta-derived stem cells

Full-term human placentas were collected after obtaining
written informed consent from donors. PDSCs were har-
vested from their chorionic plates after Caesarean section,
using mechanical and enzymatic digestion methods.
Briefly, cells scraped from the entire chorioamniotic
membranes (approximately 10 g) were washed in phos-
phate-buffered saline then treated with 0.5% collagenase
IV (Sigma, St Louis, MO, USA) for 20 min at 37 �C.
Cells were then enzymatically digested twice for approxi-
mately 20 min each, at 37 �C and then prepared as
single-cell suspensions. These samples were cultured in
Dulbecco’s modified Eagle’s medium nutrient mixture F-
12 (DMEM ⁄F12; Invitrogen, Grand Island, NY, USA)
supplemented with 10% foetal bovine serum (FBS; Invi-
trogen), 100 U ⁄ml penicillin and 100 lg ⁄ml streptomy-
cin, 25 lg ⁄ml FGF-4 (Invitrogen) and 1 lg ⁄ml heparin
(Sigma-Aldrich Co.). Cultures were maintained at 37 �C
in a humidified atmosphere with 5% CO2. Three to

5 days after initiating incubation, small digested residues
were removed and culture was continued. When cells
were more than 80% confluent, they were recovered
using 0.25% trypsin ⁄EDTA and split at 1:3 dilution.
Using the same conditions, the cells’ culture was con-
tinued. Cell viability was determined using the trypan
blue exclusion test and numbers were counted using a
haemocytometer.

Preparation of placental extract proteins

Red blood cells were removed from approximately 20 g
of placental villus tissue by washing in buffer (50 mM

Tris–HCl, 150 mM NaCl, 150 mM sucrose, pH 7.2) for
30 min at 4 �C. Washed tissue was placed in a sterile dish
and chopped using sterile scissors and using pestle and
mortar, chopped tissue was ground up. Samples were then
snap-frozen in liquid nitrogen for additional grinding,
thawed and resuspended in 30 ml of homogenizing buffer
(DMEM high glucose, 0.32 M sucrose, 2 mM EDTA).
This tissue then was sonicated on ice (amplitude 60, pulse
4, repeat 4). After centrifugation (170 g for 15 min at
4 �C), total protein content of the placental extract was
measured using a BCATM protein assay kit (Pierce, Rock-
ford, IL, USA). Placental extract proteins from 10 indi-
vidual placentas were measured and mixed according to
the above protocols for minimized batch to batch varia-
tion. Extracts were filtered through a 0.22 lm filter and
either used fresh, or frozen in liquid nitrogen and stored
at )80 �C for future use. Three methods were used to
obtain placental extracts, with or without heating. First,
naı̈ve protein was obtained without heat [naı̈ve type, pla-
cental extract protein (PEP)-A]; second, placental extract
was heated for 30 min at 56 �C (pasteurized type, PEP-B)
and third, placental extract was autoclaved for 15 min at
121 �C (autoclaved type, PEP-C).

Multiplex supernatant cytokine assay (Luminex)

Fifty-microlitre samples were combined with coated beads
using the MILLIPLEXTM MAP kit (Millipore Corp,
St Charles, MO, USA). Commercial kits were run in indi-
vidual plates, with buffers and standards according to pre-
vious reports (16). Incubations and washes were
performed using 1.2-lm filter membrane, 96-well microt-
iter plates (Millipore, Bedford, MA, USA).

After the final wash, beads from the plates were resus-
pended in a 125 ll cuvette of the Luminex apparatus. An
acquisition gate was set between 7500 and 13 500 for a
doublet discriminator; sample volume 75 ll and 100
events ⁄ region were acquired. To obtain concentration val-
ues, raw data (mean fluorescence intensity) from all bead
combinations tested were analysed using Master Plex
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QT3.0 quantification software (MiraiBio Inc., Alameda,
CA, USA).

MTTassay

Cell viability was assessed on the 96-multiwell culture
plates. HTR-8 SV ⁄neo trophoblast cell lines and PDSCs
were seeded at concentrations of 4 · 103 cells ⁄well.
After 3 h, media in wells were exchanged with media
that either had no FBS or included serum replacement
(SR). Increasing concentrations of placental protein
extract (0.5, 1, 2.5 and 5 lg) were added for 24, 48 and
72 h, at which times, cell viability was estimated by the
MTT assay according to the manufacturer’s instructions.
Briefly, 20 ll of MTT (5 mg ⁄ml in PBS) was added to
each well and incubated for 4 h. Media were discarded
and 100 ll of dimethyl sulphoxide was added. Plates
were gently mixed on a gyrating shaker at room tempera-
ture for 30 min. Optical density was measured at
562 nm. Results were expressed as percentages of viable
cells compared to controls (cells without test placental
protein extract). All results are expressed as percent-
ages of untreated control values of three independent
experiments.

Culture of placenta-derived stem cells using placenta
extract proteins

Passages 8 through 10 placenta-derived cells, including
frozen and thawed samples, were plated on 35-mm-diame-
ter cell culture dishes at a density of 5 · 103 cells ⁄ cm2 in
our culture medium. This consisted of Dulbecco’s modi-
fied Eagle’s medium nutrient mixture F-12 (DMEM ⁄F12;
Invitrogen) supplemented with 10% FBS and 23.8 lg ⁄ml
(PEP-A, PEP-B, PEP-C), 20% SR, 100 U ⁄ml penicillin
and 100 lg ⁄ml streptomycin, 25 lg ⁄ml FGF-4 and
1 lg ⁄ml heparin. Cells were cultured for 10 days. Total
viable cell numbers were determined using the trypan blue
exclusion technique and a haemocytometer.

Hepatogenic differentiation of placental-derived stem
cells using placental extract proteins

Differentiation potential of PDSCs into hepatocytes by
induction, using two separate steps, was assessed (17).
When the cells cultured in each mixture, including serum
and PEPs, achieved 80% confluence, they were dissoci-
ated by trypsin and plated at a density of 5 · 103

cells ⁄ cm2 on culture dishes for further differentiation
protocols.

Cells were pre-cultured in 60% DMEM ⁄F12 and 40%
MCDB201 supplemented with 100 U ⁄ml penicillin and
100 lg ⁄ml streptomycin, 20 ng ⁄ml EGF and 10 ng ⁄ml

bFGF to stop cell proliferation prior to induction of
differentiation towards the hepatic phenotype. A two-
step differentiation protocol was then performed. Step-1
differentiation medium, consisting of 60% DMEM ⁄F12
and 40% MCBD201, was supplemented with 20 ng ⁄ml
HGF and 10 ng ⁄ml bFGF for 7 days. Step-2 differentia-
tion medium, consisting of 60% DMEM ⁄F12 and 40%
MCDB201, was supplemented with 20 ng ⁄ml oncostatin
M, 1 lM dexa and 50 mg ⁄ml ITS for 7 days. All chemi-
cals were purchased from Sigma.

RT-PCR

Approximately 105–106 placenta-derived stem cells were
lysed in 1 ml of TRIzol reagent (Invitrogen, Carlsbad,
CA, USA); total RNA was extracted with 200 ll of chlo-
roform and precipitated with 500 ll of 80% (v ⁄v) isopro-
panol. After removal of the supernatant, the RNA pellet
was washed in 75% (v ⁄v) ethanol, air-dried and dissolved
in 0.1% (v ⁄v) diethyl pyrocarbonate-treated water. RNA
concentration was determined by measurement of absor-
bance at 260 nm using a spectrophotometer. The reverse
transcription reaction was performed with 2 lg pure total
RNA using SuperScriptTM III reverse transcriptase (Invi-
trogen). Synthesized cDNAwas amplified using PCR. Pri-
mer sequences used are given in Table 1. Amplification
conditions included the following: 5 min at 95 �C,
followed by 24–31 cycles at 94 �C for 30 s, 48–60 �C
for 1 min and at 72 �C for 1 min. PCR products were
visualized after electrophoresis on a 2% (w ⁄v) agarose
gel containing 0.5 lg ⁄ml ethidium bromide and then
photographed.

Indocyanine green up-take assay in vitro and in vivo

Indocyanine green (ICG) uptake was used to follow hepa-
togenic differentiation of the PDSCs in vitro, according to
previous reports (18). ICG solution (0.25 mg ⁄ml; Dong-
indang Pharm. Co. Ltd., Gyeonggi-do, Korea) was applied
to dishes with final differentiated PDSCs and incubated at
37 �C for 30 min. These were rinsed three times in PBS
and dishes were refilled with DMEM containing 10%
FBS. ICG uptake by the cells was then measured using an
inverted-objective microscope.

Urea assay

Undifferentiated and differentiated PDSCs were cultured
for 24 h in supplemented media. Supernatants were
collected and analysed for urea production according to
the manufacturer’s guidelines. Urea concentrations were
determined by colorimetric assay (Quantichrom Urea
assay kit; Bioassay Systems, Hayward, CA, USA). Fresh
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culture media and HepG2 cells were used as negative and
positive controls respectively. All results are expressed as
mean ± SD of three independent experiments.

Results

Cytokines in placental extract proteins varied
by preparation

Proteins were extracted from placentas using water-solu-
ble extraction methods, filtered through a 0.22 lm pore
filter, and then sterilized using different processes, includ-
ing filtration (PEP-A), pasteurization (PEP-B) and auto-
claving (PEP-C). In general, manufacturing processes for
proteins used as cell culture nutrients require several steps
(for example, protein degradation, hydrolysis using strong
acid, lysis by breakdown enzymes, concentrating proce-
dures and others). Many components derived from vari-
ous sources are denatured during these steps. Thus, we
sought to determine whether or not placental proteins
extracted by water-soluble methods as the only essential
step, could preserve functionality of molecules for mainte-
nance and expansion of cultures of the HTR-8 SV ⁄neo
cell line and PDSCs. Quantity and quality of placental

proteins extracted from placental tissues were analysed
through distribution of Ponceau S staining and expression
of b-actin, in samples of serial diluted placental extracts
loaded for western blot analysis as internal control,
respectively.

For analysis of changes in cytokine profiles by differ-
ent processing methods, we simultaneously analysed the
following 36 human cytokines and chemokines: EGF,
eotaxin, FGF-2, Flt-3 ligand, fractalkine, GM-CSF, IFN-2,
IFN-c, IL-1a, IL-1b, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-9, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-15,
IL-17, IP-10, MCP-1, MIP-1a, MIP-1b, PDGF-AA,
PDGF-AB ⁄BB, RANTES, sCD40L, TGF-b, TNF-a,
TNF-b and VEGF. Concentrations of various cytokines
showed different patterns for each of the placental extracts
(Table 2). Generally, concentrations of cytokines in PEP-
A were higher than those of PEP-B and PEP-C. Among
these, cell proliferation related cytokines, such as FGF-2
and PDGFs, were found at high levels in PEP-A. Others,
including fractakine, GM-CSF, IFNa2a, IL-12(p40) and
sCD40L were only detected in PEP-A. However, IFN-c
was not detected in any of the preparations. These findings
suggest that various cytokines were affected by process-
ing, including the sterilization steps. PEP-A, prepared by a

Table 1. Sequence of primers used for RT-
PCR and length of fragmentsGenes Sequence Tm (�C) Size (bp)

OCT4 F: 5¢-ACA CTC GGA CCA CGT CTT TC-3¢ 54 300
R: 5¢-CGT TCT CTT TGG AAA GGT GTT C-3¢

Nanog F: 5¢-TTC TTG ACT GGG ACC TTG TC-3¢ 54 300
R: 5¢-GCT TGC CTT GCT TTG AAG CA-3¢

Sox2 F: 5¢-GGG CAG CGT GTA CTTATC CT-3¢ 52 200
R: 5¢-AGA ACC CCA AGATGC ACA AC-3¢

NF-68 F: 5¢-GAG TGA AAT GGC ACG ATA CCTA-3¢ 58 500
R: 5¢-TTT CCT CTC CTT CTT CTT CAC CTT C-3¢

Cardiac F: 5¢-GGA GTTATG GTG GGTATG GGT C-3¢ 58 500
R: 5¢-AGT GGT GAC AAA GGA GTA GCC A-3¢

hAFP F: 5¢-AGC TTG GTG GAT GAA AC-3¢ 50 200
R: 5¢-TCC AAC AGG CCT GAG AAATC-3¢

HLA-G F: 5¢-GCG GCTACTACA ACC AGA GC-3¢ 58 550
R: 5¢-GCA CAT GGC ACG TGTATC TC-3¢

TERT F: 5¢-GAG CTG ACG TGG AAG ATG AG-3¢ 55 300
R: 5¢-CTT CAA GTG CTG TCT GAT TCC AAT G-3¢

b-actin F: 5¢-TCC TTC TGC ATC CTG TCA GCA-3¢ 58 300
R: 5¢-CAG GAG ATG GCC ACT GCC GCA-3¢

HNF1a F: 5¢-AC ACC ACT CTG GCA GCC ACA CT 58 114
R: 5¢-CGG TGG GTA CAT TGG TGA CAG AAC

HNF4a F: 5¢-CTG CTC GGA GCC ACC AAG AGATCC ATG-3¢ 55 370
R: 5¢-ATC ATC TGC CAC GTG ATG CTC TGC A-3¢

CXCR4 F: 5¢-ACG TCA GTG AGG CAG ATG-3¢ 58 202
R: 5¢-GAT GAC TGT GGT CTT GAG-3¢

Albumin F: 5¢-CCC CAA GTG TCA ACT CCA AC-3¢ 54 450
R: 5¢-CTC CTTATC GTC AGC CTT GC-3¢

TAT F: 5¢-AAC GAT GTG GAG TTC ACG G-3¢ 59 288
R: 5¢-GAC ACATCC TCA GGA GAATGG-3¢

28s rRNA F: 5¢-TTG AAA ATC CGG GGG AGA G-3¢ 52 100
R: 5¢-ACATTG TTC CAA CAT GCC AG-3¢
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simple, water-soluble extraction method, could contain an
adequate amount of useful components from the placenta.

Cell viability of the HTR-8 SV ⁄neo trophoblast cell line
using placental extract

For analysis of optimum concentration for each type of
placental extract that did not show increased cytotoxicity,
HTR-8 SV ⁄neo trophoblast cell line was cultured in med-
ium with varying concentrations of each placental extract
protein (PEP-A, PEP-B, PEP-C) that was used as replace-
ment of FBS for 24, 48 and 72 h. A representative experi-
ment is shown in Data S1. As shown in Fig. 1, viability
of HTR-8 SV ⁄neo trophoblast cells in medium without
FBS (Fig. 1a) was not observed; otherwise, viability of
HTR-8 trophoblast cells with 0.5 lg concentrations of
PEP-A (Fig. 1c) was approximately 70% of that in con-

ventional culture using FBS (Fig. 1b). In addition, viabil-
ity of cells treated with PEP-A was consistent at different
times. Cell viability in PEP-B and PEP-C groups
decreased (Fig. 1d,e). In particular, morphology of HTR-8
cells cultured in medium with 0.5 lg of PEP-A showed
them to be very healthy compared to cells from the other
groups, including PEP-B and PEP-C, and even in of the
control group cultured with FBS (Fig. 1).

Cell growth and characterization of PDSCs cultured
with placental extract

In addition, we examined the question of whether or not
application of placental extract could be used for mainte-
nance and expansion of PDSCs. Optimal concentrations of
placental extract proteins without cytotoxicity in the cul-
ture system were similar to those seen for HTR-8 SV ⁄neo
cells. These results suggest that placental extract proteins,
such as PEP-A and PEP-B could be used for culture of
PDSCs (Data S2). To evaluate effects of placental extract
for PDSC culture, we compared differences of growth rate
and morphology of cells, using conventional medium con-
taining FBS and the new medium containing each placen-
tal extract, for 5 days and for 10 days (Fig. 2). After
culture in the different components, including FBS, PEPs,
and 20% SR (used as nutrient source for culture of embry-
onic stem cells), most PDSCs were consistently attached to
their culture vessels and maintained for 5 and 10 days, with
the exception of cultures containing PEP-C and 20% SR.
In particular, morphology of PDSCs grown in media con-
taining PEP-A and PEP-B appeared to be healthier than
those in conventional medium with FBS (Fig. 2a). Prolif-
eration rates of PDSCs using media containing PEP-A and
PEP-B were slower compared to those with conventional
medium containing FBS (Fig. 2b) and followed general
growth curves of cells. However, PDSCs in media contain-
ing PEP-C and 20% SR showed no proliferation changes.

Next, we evaluated the question whether or not type
of medium could alter gene expression associated with
the original characteristics of PDSCs. No changes were
observed in patterns using media containing FBS or PEP-
A. Expression of some genes in PDSCs cultured with
media containing PEP-B or PEP-C showed a tendency to
be lower (Fig. 2c). From these results, it is clear that med-
ium with PEP-A could be used as an alternative protein
source, although growth rate was slower than for cells
cultured using medium with FBS.

Hepatogenic differentiation of PDSCs cultured with
placental extract

We have demonstrated a potential for differentiation of
PDSCs into hepatocytes by induction using two separate

Table 2. Analysis of cytokine components in placental extract proteins

No.
Analyte
name

PEP-A
(pg ⁄ml)

PEP-B
(pg ⁄ml)

PEP-C
(pg ⁄ml)

1 EGF 7.67 5.68 4.21
2 Eotaxin 78.17 39.08 15.9
3 FGF-2 3452.41 2447.93 408.12
4 Flt-3Ligand 386.98 368.41 355.09
5 Fractakine 33.51 0.00 0.00
6 GM-CSF 55.30 0.00 0.00
7 IFNa2a 59.03 0.00 0.00
8 IFN-c 0.00 0.00 0.00
9 IL-10 31.72 27.75 24.18
10 IL-12(p40) 203.82 0.00 0.00
11 IL-12(p70) 3.66 2.89 1,57
12 IL-13 4.58 4.28 4.01
13 IL-15 8.54 7.89 7.34
14 IL-17 3.02 2.72 2.55
15 IL-1a 19.91 40.17 12.77
16 IL-1b 22.68 13.75 8.15
17 IL-2 45.16 40.68 39.17
18 IL-3 0.00 0.00 0.00
19 IL-4 2.67 2.65 2.59
20 IL-5 1.86 1.83 1.82
21 IL-6 149.28 138.69 129.71
22 IL-7 5.70 4.22 3.11
23 IL-8 10.20 7.54 5.43
24 IL-9 3.77 2.99 1.87
25 IP-10 790.49 138.35 112.01
26 MCP-1 202.20 133.33 98.71
27 MIP-1a 144.18 85.85 79.12
28 MIP-1b 166.50 51.44 25.15
29 PDGF-AA 959.89 795.00 325.13
30 PDGF-BB 262.14 275.54 258.19
31 RANTES >3,200 183.43 26.98
32 sCD40L 154.31 0.00 0.00
33 TNF-a 10.07 4.01 3.51
34 TNF-b 38.38 38.38 38.38
35 TNG-a 10.07 4.01 12.97
36 VEGF 40.95 36.85 2.39
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steps. During progression towards hepatogenesis,
morphology of PDSCs changed from spindle shaped to
polygonal, which is a characteristic hepatocyte-like mor-

phology. In addition, expression of hepatogenesis-related
genes was increased. Therefore, we examined the question
of whether or not gene expression patterns in hepatogenic

(a) (b)

(c) (d) (e)

Figure 1. Growth features of cultured HTR-8
SV ⁄ neo trophoblast cell line shown for various
culture nutrients, in absence (a) or presence (b)
of FBS and placental extract proteins (PEPs)
including PEP-A (c), PEP-B (d) and PEP-C (e) at
72 h. Cell viabilities of HTR-8 SV ⁄ neo tropho-
blast cells with 0.5 lg concentrations of PEP-A
and PEP-B were approximately 70% of those in
conventional culture using FBS. But, growth of
HTR-8 SV ⁄ neo trophoblast cells using PEP-C is
similar to that in absence of FBS (·100 original
magnification).
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Figure 2. Culture and characterization of PDSCs using placental extract proteins. (A) Morphological features of the cultured PDSCs shown for
various PEPs depending on incubation time from 5 days (5D) to 10 days (10D). Serum replacement (SR, e) was used as negative control to FBS (a, a-1).
Morphology of PDSCs grown in media containing PEP-A (b, b-1) and PEP-B (c, c-1) appeared healthier than those in conventional medium with FBS.
PDSCs in media containing PEP-C (d, d-1) induced cell death; otherwise, PDSCs showed no growth in 20% SR (e). (·100 original magnification); (B)
Growth rate of PDSCs for culture. Growth rates of PDSCs using media containing PEP-A and PEP-B were lower compared to those in conventional
medium containing FBS and followed general growth curve of cells; (C) Expression of genes indicating stemness of PDSCs cultured by PEPs. Gene
expression patterns of PDSCs cultured with PEP-Awere similar to those of PDSCs cultured with FBS. M: marker.
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differentiated PDSCs would be altered when cultured in
different media, containing FBS and PEPs. When cultured
with both FBS and PEPs, expression of hepatocyte
nuclear factor 1a (HNF1a), HNF4 a, a-fetoprotein (AFP),
CXCR4, albumin and TAT was up-regulated in hepato-
geneic differentiated PDSCs compared to naı̈ve PDSCs
(Fig. 3). There were no differences in expression of
hepatogenesis-related genes for each type of medium.

As alteration of gene expression and effects of placen-
tal extract are considered to represent a progressive gain
of hepatic function, we analysed the cells using ICG
uptake assays. ICG is a non-toxic organic anion used clin-
ically to test hepatic function. For analysis of glycogen
storage, we also stained hepatogenically differentiated
PDSCs using PAS staining solution. As shown in Fig. 4a,
ICG uptake was observed in hepatogenically differenti-
ated PDSC cultures, regardless of protein composition,
including FBS, PEP-A, PEP-B and PEP-C (Fig. 4a).
However, there were differences in efficiency of glycogen
storage of hepatogenically differentiated PDSCs, depend-
ing on the protein source (Fig. 4b). Although urea produc-
tion in hepatogenically differentiated PDSCs cultured
with FBS was higher than for PDSCs cultured with PEPs,
the order of urea production was PEP-A, PEP-B and PEP-
C (Fig. 4c). From these results, we concluded that PEP-A
and PEP-B, but not PEP-C, could be used as alternative
protein sources for expansion of PDSCs as well as for
inducing their hepatogenic differentiation of.

Discussion

In the present study we have demonstrated for the first
time, feasibility of placental proteins extracted using
water-soluble methods for culture and hepatogenic differ-
entiation of placenta-derived stem cells for clinical grade
use.

Cell-based therapy using human stem cells in regen-
erative medicine is an emerging field. However, there are
many obstacles to overcome before cell therapy can be
used in clinical trials. In this regard, source and number
of stem cells obtained, proliferation and differentiation
potentials of stem cells and culture and expansion of
human stem cells to be transplanted into a target organ,
are essential factors for cell therapy (3,8,9,19). In partic-
ular, safety of stem cells for transplantation has been a
critical issue because of uses of animal sources, such as
FBS or foetal calf serum, for the cells’ expansion
(20,21).

Conventional culture methods using animal serum for
cell therapy could involve several risks, including immune
inflammatory rejection and pathogenic transmission as a
result of contamination of proteins derived from animals.
These cannot be effectively eliminated through processing
after culture for clinical use of stem cells (22). For these
reasons, many scientists have attempted to develop new
culture methods capable of maintaining the ‘stemness’ of
stem cells, using serum-free medium.
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Figure 3. Gene expression of cultured PDSCS by placental extract proteins according to hepatogenic differentiation. Several gene expressions
related to hepatogenic differentiation in PDSCs depend on PEPs before (grey bar) and after (black bar) inducing hepatogenic differentiation. Gene
expressions were analysed semi-quantitatively using 28s rRNA, which was used as an internal control.
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Although various supplements and several types of
cytokine have been used in these approaches, serum-free
culture systems do not allow for expansion or mainte-
nance of differential potential of stem cells for clinical
grade use (9,23). Other possibilities include use of
human serum or pooled human platelet lysate for their
culture (9,24,25). However, these have several limita-
tions, including high cost and limited quality. However,
we have been able to demonstrate that expansion and dif-
ferentiation of placenta-derived stem cells is feasible
using placental extract proteins in FBS-free medium.
Several types of cytokine in PEPs were extracted using
water-soluble methods (Table 2). As cytokines derived
from placentas can be easily denatured using traditional
methods, such as temperature and organic solvents, we
compared effects of placental extract, including PEP-A,
PEP-B and PEP-C, which varied over heat treatments

during sterilization for culture. Effects of PEP-A and
PEP-B were shown to be similar, whereas PEP-C was
not. These findings indicate that high temperature can
induce protein denaturation of PEs and that finally, it can
reduce the effect of PE during PDSCs culture. Moreover,
we have concluded that various cytokines in placental
extract are sufficient for maintenance of PDSCs with
FBS-free medium, at least from a small amount of PEP-
A (approximately 2.5 lg ⁄ml). Also, PDSCs, which origi-
nate from mesodemal lineages, grown in medium with
PEP-A, maintained their proliferative capacity and sus-
tained their ability for hepatogenic differentiation, as well
as for osteogenic differentiation (Data S3). However,
using Multiplex cytokine assay, we observed that cyto-
kines in placental extract were unstable, even when
stored at low temperature (for example, 4 �C, data not
shown).
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These results suggest that water-soluble extraction
methods described here are a valuable source for the
future of PDSC expansion and hepatogenic differentia-
tion, which may aid in progression to clinical-grade cell
therapy. However, more work will be needed for further
optimization of concentration of PEP-A and for character-
ization of properties of PEP-A obtained by water-soluble
extraction for use in stem cell therapy. Taken together, use
of PEPs is a promising approach that allows circumven-
tion of use of FBS, not only for expansion but also for
differentiation of PDSCs for clinical applications.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Data S1. Comparison of cell viability in cultured
HTR-8 SV ⁄neo trophoblast cell line by placental extract
proteins.

Data S2. Comparison of cell viability in cultured
PDSCs by placental extract proteins.
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Data S3. Osteogenic differentiation of cultured
PDSCs by placental extract proteins. Mineralization
pattern of PDSCs after osteogenic differentiation was
determined by the von-Kossa staining technique. Black
arrows indicate strong positive reaction (·100 original
magnification).
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