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a b s t r a c t

Objective: The human umbilical cord and placenta have been considered as attractive alternative sources
for noninvasive isolation of human mesenchymal stem cells (hMSCs). Different sources of MSC may have
individual differentiation potential and phenotype. In this study, we compared the genome-wide
expression data of umbilical cord and placenta derived hMSCs to identify specific differential expres-
sion genes (DEGs) and corresponding functions.
Materials and methods: We collected human placental tissues and umbilical cord from healthy full-term
placenta (n ¼ 17). The genome-wide gene expression data of hMSCs were used to analyze and compare
with that of fibroblasts. We identified the differential expression genes (DEGs) based on the Student's t-
test and one-way ANOVA.
Results: According to the DEGs of umbilical cord and placenta, we used the Venn diagram to evaluate the
consistence and specific genes. There are 390 umbilical cord specific DEGs which functions are related to
movement of sub-cellular component. Then, the DEGs derived from placenta have two major clusters
(i.e., placenta-specific (AM-CM-specific) and UC-like (UC-CD-specific)). 247 placenta-specific DEGs are
down-regulated and involved in cell communication. 278 UC-like genes are up-regulated and are
involved in the cell cycle, cell division, and DNA repair process. Finally, we also identified 239 umbilical
cord-placenta consistence DEGs. According to the umbilical cord-placenta consistence DEGs, 175 genes
are down-regulated and involved in cell death, cell growth, cell developmental processes.
Conclusion: We identified the consistence and specific DEGs of human placenta and umbilical cord based
on the genome-wide comparison. Our results indicated that hMSCs derived from umbilical cord and
placenta have different gene expression patterns, and most of specific genes are involved in the cell cycle,
cell division, cell death, and cell developmental processes.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Mesenchymal stem or stromal cells (MSCs), which have a
fibroblast-like morphology, are self-renewing multipotent cells
holding great potential in regenerative medicine and tissue engi-
neering. Strong immunomodulatory capacity and extensive differ-
entiation ability, several studies have shown that treatment with
MSC is beneficial to patients suffering from a plethora of diseases
(e.g., autoimmune diseases [1,2] and cardiovascular [3]). Depending
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on the stimuli and culture conditions, MSC can be differentiated
in vitro into cells of the mesodermal lineage such as osteocytes,
adipocytes and chondrocytes [4,5]. The human MSC (hMSC) have
been isolated from a variety of tissues such as bone marrow, adi-
pose tissue, umbilical cord, placenta, with each population dis-
playing individual differentiation potential and phenotype [6e8].
However, previous studies have indicated that adult tissue derived
MSCs (e.g., bone marrow and adipose tissue) would gradually lose
proliferation, differentiation, and immunomodulation potential
during in vitro expansion [9,10]. The human umbilical cord and
placenta, which are normally discarded after labor, have been
considered as attractive alternative sources for noninvasive isola-
tion of hMSCs. In addition, the efficient isolation of hMSCs from
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umbilical cord or placenta have been reported by previous studies
[11,12]. Therefore, genome-wide evaluation of umbilical cord and
placenta derived hMSCs would provide an opportunity for under-
standing the individual phenotypes and characteristics of these
hMSCs.

Isolation of MSCs from placenta-derived tissues is complicated
by the fact that non-MSCs, such as fibroblasts, placenta-derived
epithelial cells, and placenta-derived reticular cells, often coexist
with MSCs [12]. More important, Fibroblasts, in particular, are
usually the main source of contamination. Fibroblasts are consid-
ered mature mesenchymal cells that are particularly abundant in
the connective tissue. Fibroblasts and MSCs have a similar
morphological appearance; they both proliferate well and have
many identical cell-surface markers [13,14]. The major difference
between MSCs and fibroblasts are functional properties. MSCs
retain multipotent stemness and immunomodulation capacity, but
fibroblasts seem more limited in both of these functional areas.
Therefore, the genome-wide evaluation of umbilical cord and
placenta derived hMSCs should consider the fibroblasts as the
negative control to identify the MSC-specific genes.

To address issue, we collected genome-wide gene expression
data to evaluate the specific genes of hMSCs derived from umbilical
cord (UC) and placenta (i.e., amniotic membrane (AM), chorionic
membrane (CM), chorionic disk (CD)). Firstly, we used hierarchical
clustering and principal component analysis (PCA) to compare the
genome-wide expression patterns of four hMSCs. We found that
each hMSC can be clustered into a specific sub-cluster. The hMSC
derived from umbilical cord has the different expression pattern to
that derived from placenta. The amnion and chorion membranes
are the neighbors on the anatomical structure of placenta, and
MSCs derived from two membranes share some expression pat-
terns. Then, we identified the differential expression genes (DEGs)
based on the Student's t-test and one-way ANOVA. We used the
Venn diagram to evaluate DEGs and found four regions (i.e., UC-
specific, AM-CM-specific (i.e., placenta-specific), UC-CD-specific
(i.e., UC-like), UC-placenta consistence) having more than 200
genes. We evaluated the significant pathways and cellular com-
ponents of these genes based on Gene Ontology and KEGG anno-
tations. We found that UC-CD-specific genes are involved in the cell
cycle, cell division, and DNA repair process and located on the
intracellular. The placenta-specific genes are involved inmovement
of cell or sub-cellular component, cell communication, and cell
projection organization. Then, all-MSC-specific genes are involved
in cell death, cell growth, cell developmental processes.

Finally, we used the KEGG pathway and proteineprotein inter-
action (PPI) network to study the UC-like genes. Four genes (i.e.,
MCM7, ORC1, CDC45, and DBF4) are the components of origin
recognition complex (ORC) and minichromosome maintenance
(MCM) complex which play important roles during the initiation
step of DNA replication. According the PPI network of UC-CD-
specific genes, several histone proteins (e.g., HIST1H4A, HIS-
T1H3A, and HIST1H2AC) are the hubs of network and play a central
role in transcription regulation, DNA repair, DNA replication and
chromosomal stability. Our study provides the genome-wide
comparison of mesenchymal stem cells derived from human
placenta and umbilical cord. We believe that the identified specific
DEGs are able to provide clues to study the biomarkers and their
corresponding functions.

Materials and methods

Overview

In this study, we were provided the genome-wide comparison
of placenta-derived MSCs, which were isolated from amniotic
membrane (AM-MSC), chorionic membrane (CM-MSC), chorionic
disk (CD-MSC), and Wharton's jelly within the umbilical cord (UC-
MSC). All MSCs derived from different origins have been amplified,
collected (5 � 106e107 cells/experiment), and submitted to Wel-
gene Biotech company (http://www.welgene.com.tw/) for micro-
array. We used the mRNA expression level derived from fibroblasts
as the negative control. The differential expression genes (DEGs) of
four MSCs were identified by using following criteria: 1) adjusted
p-values derived from t-test and Bonferroni correction are less than
0.01; 2) fold-changes are greater than 2; 3) adjusted p-values
derived from one-way ANOVA are less than 0.01. Then, we
compared the DEGs and identified the source-specific genes. Ac-
cording to the source-specific genes, we inferred the significant
pathways and cellular components based on Gene Ontology [15]
and KEGG [16] annotations. We also described the proteinepro-
tein interaction networks of the source-specific genes.

Isolation of hMSCs from placenta and umbilical cord

Placental tissues and umbilical cord were collected from healthy
full-term samples (n ¼ 17, Table 1). Written informed consent was
obtained from individual mothers before the study, which was
approved by the Ethics Committee of the Cardinal Tien Hospital.
The age range of the maternal donors was 20e45 years old. The
placentas and umbilical cords were kept at 4 �C until placement in a
biological safety cabinet. According to our previous study [12], we
have constructed a protocol for collecting the hMSC from placentas
and umbilical cords. The placental tissues and umbilical cord were
cut into small pieces (i.e., 1e2 mm3) and digested with 10 U/mL
collagenase, 2.5 U/mL dispase, and 0.05% Trypsin-EDTA for 90 min
at 37 �C. All samples were thoroughly washed three times with
sterile phosphate-buffered saline (PBS). Then, samples were
collected in 15 mL tubes and centrifuged at 250 g for 5 min. The cell
pellet fraction was re-suspended in a minimal essential medium
(aMEM; Invitrogen, Waltham, NA, USA) with 10e15% fetal bovine
serum (FBS; Invitrogen), 2 mM L-glutamine, 1 ng/mL basic fibro-
blast growth factor (FGF; Peprotech, Rocky Hill, NJ, USA), and PSF
(100 U/mL penicillin, 100 mg/mL streptomycin, 0.25 mg/mL Fun-
gizone; Invitrogen), then plated in T75 flasks. Cultureswerewashed
from three to five times with PBS after 7 days to remove non-
adherent cells from plastic-adherent colonies. The culture was
maintained in aMEM supplemented with 10e15% FBS, 2 mM L-
glutamine, 1 ng/mL basic FGF, and PSF at 37 �C with saturated hu-
midity and 5% CO2. Finally, the hMSCs were maintained in aMEM
supplemented with 10% FBS, 2 mM L-glutamine, 1 ng/mL basic FGF
at 37 �C in saturating humidity and 5% CO2.

Genome-wide expression data

The genome-wide expression data of four MSCs and fibroblast
(i.e. negative control) were provided by Welgene Biotech company
(http://www.welgene.com.tw/). The MSCs have been amplified,
collected (5 � 106~107 cells/experiment), and submitted to Wel-
gene Biotech company for microarray.

Proteineprotein interaction network

To further investigate the source-specific genes, we constructed
the proteineprotein interaction (PPI) network of Homo sapiens to
study involving pathways of source-specific genes. Here, the PPI
network of H. sapienswere constructed by annotated and predicted
PPIs. The annotated PPIs are collected from five public proteine-
protein interaction databases (i.e. Intact [17], BioGRID [18], MINT
[19], MIPS [20], and DIP [21]). The predicted PPIs are identified base
on published methods (i.e., PPISerach [22] and 3D-interologs

http://www.welgene.com.tw/
http://www.welgene.com.tw/


Table 1
17 normal healthy donors.

ID Baby's gender Umbilical cord Placenta

Gene expression data CD markers Gene expression data CD markers

Donor-01 F Y Pass Y Pass
Donor-02 M Y Pass Y Pass
Donor-03 M Y Pass Y Pass
Donor-04 F Y Pass Y Pass
Donor-05 F Y Pass Y Pass
Donor-06 M Y Pass Y Pass
Donor-07 M N N/A Y Pass
Donor-08 F N N/A Y Pass
Donor-09 M N N/A Y Pass
Donor-10 M Y Pass Y Pass
Donor-11 F N N/A Y Pass
Donor-12 M Y Pass Y Pass
Donor-13 M Y Pass N N/A
Donor-14 F Y Pass Y Pass
Donor-15 F Y Pass Y Pass
Donor-16 F Y Pass Y Pass
Donor-17 F Y Pass Y Pass
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[23,24]). Finally, the constructed PPI network of H. sapiens have
16,596 proteins and 267,326 PPIs.
Result and discussion

Clustering the genome-wide gene expression data derived from four
MSCs and fibroblast

As a first step in the genome-wide comparison of MSCs derived
from placenta and Wharton's jelly within the umbilical cord (UC-
MSC), we used two clustering method to evaluate the similarities of
expression patterns within different MSCs. Here, the placenta-
derived MSCs were isolated from amniotic membrane (AM-MSC),
chorionic membrane (CM-MSC), chorionic disk (CD-MSC). In this
study, we collected these MSCs from 17 different donors which are
approval by the Ethics Committee of the Cardinal Tien Hospital as
IRB No.: CTH-102-2-4-003. We also collected 6 samples of UC-MSC
which are derived from public resource (i.e., Bioresource Collection
and Research Centre). All of the MSCs were expanded to passages
P3 by using the sample culture condition (i.e., using aMEM, 4 ng/ml
bFGF, 10% FBS, 5% CO2, and 20% O2 in 37 �C). Table 2 summaries the
number of analyzedMSC samples in genome-wide expression data.

Fig. 1A and B illustrate the hierarchical clustering and principal
component analysis (PCA) results of the genome-wide gene
expression data derived from four MSCs and fibroblast. We found
that the genome-wide expression pattern of fibroblast, negative
controls, have an obvious difference the all MSCs derived from four
sources. Then, each MSC can be clustered into a specific sub-cluster
by using the hierarchical clustering and PCA. We also found that
AM-MSC and CM-MSC can be clustered into a larger sub-clusters
based on both hierarchical clustering and PCA (Fig. 1). Because
the amnion and chorion membranes are the neighbors on the
anatomical structure of placenta, the MSCs derived from these two
membranes may share some expression patterns. The CD-MSC
derived from chorionic disk is located between membranes (i.e.,
amnion and chorion membranes) and umbilical cord. According to
the result of hierarchical clustering, the expression pattern of CD-
Table 2
Number of analyzed MSC samples in the genome-wide expression data.

Source Amnion membrane (AM-MSC) Chorion membrane (CM-MSC

No. of samples 5 5
MSC is more similar to thus of UC-MSC than thus of AM-MSC and
CM-MSC (Fig. 1A). Then, the components of CD-MSC derived from
PCA are located between thus of AM-MSC and CM-MSC and thus of
UC-MSC (Fig. 1B). Finally, the UC-MSC is the only MSC which is not
derived from placenta and have the different expression pattern to
that derived from amnion membrane and chorion membrane.
These results implied that the MSCs derived from different sources
would have their specific expression patterns. Then, the expression
patterns of MSCs would be related to the relationship on the
anatomical structure.
Differential expression genes and involved functions

To further investigate the specific expression patterns of four
different MSCs, we identified the DEGs of MSC by using fibroblast
samples as negative controls. Here, the DEGs of MSCs are identified
by using following criteria: 1) adjusted p-values derived from
student t-test and Bonferroni adjustment are less than 0.01; 2) fold-
changes between MSCs and fibroblast are greater than 2; 3)
adjusted p-values derived from one-way ANOVA are less than 0.01.
Finally, we identified 833, 1,067, 953, and 1202 DEGs of AM-MSC,
CM-MSC, CD-MSC, and UC-MSC, respectively (Fig. 2A). Then, we
used the Venn diagram to evaluate these DEGs (Fig. 2B). We found
that there are four regions on the Venn diagram having more than
200 genes (>10% in Fig. 2B). The UC-MSC specific region (named
UC-specific genes) has most DEGs (390 genes). AM-MSC and CM-
MSC share 324 common genes (named AM-CM-specific genes)
which are not the DEGs of UC-MSC and CD-MSC. These AM-CM-
specific genes can be considered as the placenta-specific genes.
Otherwise, UC-MSC and CD-MSC share 333 common genes (named
UC-CD-specific genes) which are not the DEGs of AM-MSC and CM-
MSC. Here, we also defined the UC-CD-specific genes as the UC-like
genes. Finally, there are 239 common genes which are the umbilical
cord-placenta consistence DEGs. These results implied that the AM-
MSC and CM-MSC share more similar expression pattern with each
other than thus of UC-MSC and CD-MSC. Then, UC-MSC is different
to otherMSCs derived fromplacenta. The DEGs of CD-MSC aremore
) Chorion plate (CD-MSC) Umbilical cord (UC-MSC) Fibroblast (FB)

14 23 12



Fig. 1. (A)Hierarchical cluster and (B) principal components analysis of genome-wide gene expression data of MSCs derived from four sources and fibroblast. Although our
MSCs are derived from four different source, the genome-wide expression pattern of fibroblasts (i.e., negative controls) are different to all of MSCs. Each MSC can be clustered into a
specific sub-cluster based on both hierarchical clustering and principal component analysis. These results imply that different MSCs may have their specific DEGs and their cor-
responding functions.

Fig. 2. (A) Differential expression genes of MSCs derived from amniotic membrane (AM), chorionic membrane (CM), chorionic disk (CD), and umbilical cord (UC),
respectively. (B) The Venn diagram of differential expression genes of MSCs derived from four sources. (A) Differential expression genes of MSC are identified by using Student
t-test, Bonferroni adjustment, and one-way ANOVA. Finally, we identified 833, 1,067, 953, and 1202 DEGs of AM-MSC, CM-MSC, CD-MSC, and UC-MSC, respectively. (B) We found
that there are four types of DEGs on the Venn diagram having more than 200 genes (>10%).
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similar to thus of UC-MSC than thus of AM-MSC and CM-MSC.
These results are consistent with hierarchical clustering and PCA.

According to Venn diagram (Fig. 2B), we identified four types of
DEGs (i.e., UC-specific, placenta-specific, UC-like, UC-placenta
consistence). To further understand these genes, we illustrated the
expression patterns and annotated the functions by considering the
cellular processes, signaling pathway, cellular component, and
metabolic process (Fig. 3). The UC-specific genes include 260 up-
regulated and 130 down-regulated genes. According to 333 UC-
CD-specific genes, most of these genes (278 genes) are up-
regulated. Otherwise, most (247 genes) of AM-CM-specific genes
are down-regulated. Finally, UC-placenta consistence genes include
64 up-regulated and 175 down-regulated genes. Fig. 3A and B il-
lustrates the heat map and box-plots of 260 up-regulated UC-spe-
cific genes, 278 up-regulated UC-like genes, 64 up-regulated UC-
placenta consistence genes, 130 down-regulated UC-specific genes,
247 down-regulated placenta-specific genes, and 175 down-
regulated UC-placenta consistence genes. These results indicated
that most of UC-placenta consistence genes are down-regulated
(compare to fibroblast). AM-MSC and CM-MSC which are
Fig. 3. The (A) heat map and (B) box-plots of UC-specific, UC-CD-specific, AM-CM-sp
component, and metabolic process annotations of (C) up-regulated and (D) down-regul
types of DEGs which have more than 200 genes (>10%). We evaluated the functions based
neighbors on the anatomical structure share several down-
regulated DEGs.

Fig. 3C and D illustrate the annotations of cellular processes,
signaling pathway, cellular component, and metabolic process
based on the Gene Ontology [15]. Here, the p-values of functional
enrichments are based on the hypergeometric test. According to
the up-regulated genes, UC-specific DEGs are related to movement
of sub-cellular component. Then, we found the UC-like genes are
involved in the cell cycle, cell division, and DNA repair process and
located on the intracellular (Fig. 3C). Finally, the UC-placenta
consistence genes are involved in the actin filament-based pro-
cess and related to the movement of cell or sub-cellular component
(Fig. 3C). According to the down-regulated genes, we found that
placenta-specific genes are located on the cell projection, plasma
membrane, and neuron part (Fig. 3D). The significant functions of
down-regulated placenta-specific genes are involved in movement
of cell or sub-cellular component, cell communication, and cell
projection organization (Fig. 3D). Then, the down-regulated um-
bilical cord-placenta consistence genes are involved in cell death,
cell growth, cell developmental processes.
ecific, all-MSC-specific genes. The cellular processes, signaling pathway, cellular
ated specific genes. According to the Venn diagram (Fig. 2B) of DEGs, we studied four
on Gene Ontology and hypergeometric test.
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UC-like genes and cell cycle pathway

Most of UC-like genes are up-regulated and are involved in the
cell cycle, cell division, and DNA repair process. To further inves-
tigating the relationship between the UC-like genes and cell cycle,
we used the KEGG pathway database [16] to study the UC-like
genes. Fig. 4 illustrates the cell-cycle pathway derived from KEGG
and the UC-CD-specific genes. There are seven up-regulated genes
(i.e., MCM7, ORC1, DBF4, CHEK1, ESPL1, CDC20, and CDC45)
involved in cell-cycle pathway. There are four genes (i.e., MCM7,
ORC1, CDC45, and DBF4) are the components of the origin recog-
nition complex (ORC) and minichromosome maintenance (MCM)
complex. These two complexes play important roles during the
initiation step of DNA replication [25,26]. The Serine/threonine-
protein kinase Chk1 is required for checkpoint-mediated cell cy-
cle arrest and activation of DNA repair in response to the presence
of DNA damage or unreplicated DNA [27]. Previous study suggests
that CHEK1 would involve in stem cell aging and regenerative po-
tential [28]. Then, CDC20 (Cell division cycle protein 20 homolog)
which is required for full ubiquitin ligase activity of the anaphase
promoting complex/cyclosome (APC/C) is a regulatory protein in
the cell cycle [29,30]. The up-regulated CHEK1 and CDC20 may be
Fig. 4. The KEGG cell-cycle pathway and involving up-regulated UC-CD-specific genes.
MCM7, ORC1, DBF4, CHEK1, ESPL1, CDC20, and CDC45) involved in cell-cycle pathway. We f
origin recognition complex (ORC) and minichromosome maintenance (MCM) complex. The
associated with the immortalization of MSCs [31]. Our results
indicated that the up-regulated UC-like genes which play an
important role in cell cycle regulation and DNA replication are
related to immortalization of MSCs.

Proteineprotein interaction networks of up-regulated UC-like genes

According to 278 up-regulated UC-like genes, we also illustrated
the protein interaction network to study these genes. The protein
interaction network is constructed by considering five public pro-
teineprotein interaction databases [17e21]. We also used several
predicted proteineprotein interaction based on published methods
[22e24]. We have identified a maxima sub-network including 47
up-regulated UC-CD-specific genes. Seven up-regulated genes (i.e.,
MCM7, ORC1, DBF4, CHEK1, ESPL1, CDC20, and CDC45) involved in
KEGG cell-cycle pathway are also located on the maxima sub-
network. ORC1, CDC20, CDC45, CHEK1, and MCM7 are the hubs
which have more than 15 interactions on the complete protein-
interaction network. We also found that there are several histone
proteins (e.g., HIST1H4A, HIST1H3A, and HIST1H2AC) are the hubs
of the sub-network. The histones play a central role in transcription
regulation, DNA repair, DNA replication and chromosomal stability
According to KEGG database, there are seven up-regulated UC-CD-specific genes (i.e.,
ound that there are four genes (i.e., MCM7, ORC1, CDC45, and DBF4) are related to the
se two complexes play important roles during the initiation step of DNA replication.



Fig. 5. The protein-interaction network of up-regulated UC-CD-specific genes. The protein interaction network is constructed by considering five public proteineprotein
interaction databases (i.e. Intact, BioGRID, MINT, MIPS, and DIP). We also used several predicted proteineprotein interaction based on published methods (i.e., PPISerach and 3D-
interologs). There are 47 up-regulated UC-CD-specific genes involving in the maxima sub-network. Seven up-regulated genes (i.e., MCM7, ORC1, DBF4, CHEK1, ESPL1, CDC20, and
CDC45) which are involved in KEGG cell-cycle pathway are also located on the maxima sub-network. ORC1, CDC20, CDC45, CHEK1, and MCM7 are the hubs which have more than
15 interactions on the complete protein-interaction network.
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[32]. Our results indicated that the up-regulated UC-like genes are
related to ORC, MCM complex, and histones. All of these complexes
play an important role in cell cycle regulation and DNA replication.
Conclusion

In this study, we collected genome-wide gene expression data to
evaluate the specific genes of hMSCs derived from umbilical cord
and placenta including the amniotic membrane, chorionic mem-
brane, chorionic disk. The placental tissues and umbilical cord were
collected from healthy full-term placenta. According to the hierar-
chical clustering and principal component analysis results, each
hMSC can be clustered into a specific sub-cluster. In addition, AM-
MSC and CM-MSC, derived from amnion and chorion membranes
which are the neighbors on the anatomical structure of placenta,
share similar expression patterns (Fig. 1). UC-MSC is not derived
from placenta and have the different expression pattern to that
derived from placenta. The CD-MSC derived from chorionic disk is
located between membranes (i.e., amnion and chorion mem-
branes) and umbilical cord, and the expression pattern of CD-MSC
is more similar to thus of UC-MSC than thus of AM-MSC and CM-
MSC (Fig. 1). According to the DEGs, we identified four types of
DEGs (i.e., UC-specific, placenta-specific, UC-like, and UC-placenta
consistence genes). Most of UC-like gene are up-regulated and
involved in the cell cycle, cell division, and DNA repair process
(Fig. 3C). Most of placenta-specific genes are down-regulated,
located on the plasma membrane, and involved cell communica-
tion (Fig. 3D). Then, the UC-placenta consistence DEGs are involved
in cell death, cell growth, and cell developmental processes and
down-regulated. Finally, we used the KEGG database and PPI
network to investigate the UC-CD-specific genes (Figs. 4 and 5). We
found that the up-regulated UC-like genes are related to ORC, MCM
complex, and histones which play important roles in cell cycle
regulation and DNA replication. More important, the up-regulated
CHEK1 and CDC20 may be associated with the immortalization of
MSCs. We believe that identified DEGs and their corresponding
functions could provide us opportunity to infer the further appli-
cations of hMSCs derived from human placenta and umbilical cord.
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The study was approval by the Ethics Committee of the Cardinal
Tien Hospital as IRB No.: CTH-102-2-4-003. The MSCs were
collected from placenta and umbilical cord after neonatal delivery
with informed consent from pregnant mothers who aged from 20
to 45.
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