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Abstract

Background: The role of bone marrow-derived mesenchymal stromal cells (BM-MSC)

in preventing the incidence and ameliorating the severity of graft-versus-host disease

(GvHD) has recently been reported. However, as the collection of BM-MSC is an

invasive procedure, more accessible sources of MSC are desirable.

Aim: This study aimed to explore the alternative sources of MSC from amnion, pla-

centa, Wharton’s jelly and umbilical cord, which are usually discarded.

Methods: MSC from those tissues were isolated using mechanical dissociation and

enzymatic digestion. Their capacity for proliferation and differentiation, and ability to

suppress alloreactive T-lymphocytes were studied and compared with those of

BM-MSC.

Results: MSC derived from amnion, placenta, Wharton’s jelly and umbilical cord were

similar to BM-MSC regarding the cell morphology, the immunophenotype as well as the

differentiation ability. These MSC also elicited a similar degree of immunosuppression,

as evidenced by the inhibition of alloreactive T-lymphocytes in the mixed lymphocyte

reaction, compared with that of BM-MSC. MSC from umbilical cord and Wharton’s jelly

had a higher proliferative capacity, whereas those from amnion and placenta had a

lower proliferative capacity compared with BM-MSC.

Conclusion: The results obtained from this study suggest that MSC from amnion,

placenta, Wharton’s jelly and umbilical cord can therefore be potentially used for

substituting BM-MSC in several therapeutic applications, including the treatment of

GvHD.

Introduction

Haemopoietic stem cell transplantation (HSCT) is an
effective treatment for haematological disorders, includ-
ing haematological malignancies, aplastic anaemia and
thalassaemia. The success of this treatment relies on the
elimination of the patient’s bone marrow by high-dose

chemotherapy and/or irradiation, and the reconstitution
of the haemopoietic system by the donor haemopoietic
stem cells. However, donor cells infused also contain
mature T cells that can induce graft-versus-host disease
(GvHD), a life-threatening complication of allogeneic
HSCT.1 These donor T cells are strongly activated by an
alloantigen and infiltrate several target organs such as
skin, liver, and the gastrointestinal tract, resulting in
tissue destruction. T-cell depletion prior to HSCT can
reduce the severity of GvHD, but it leads to increased
incidence of severe infection, graft rejection2 and relapse
of haematological malignancies.3 Thus, a major concern
in HSCT is preventing GvHD while minimising the risk of
infection.
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Mesenchymal stromal cells (MSC) are multipotent cells
that have the potential to differentiate into various meso-
dermal lineages.4 In addition, the ability to transplant
across major histocompatibility complex (MHC) barriers
without the need for immune suppression makes MSC
an attractive source for cell therapy. A large body of
studies have shown that MSC suppress the proliferation
of alloreactive T cells,5,6 inhibit the differentiation and
maturation of dendritic cells,7 and decrease the produc-
tion of inflammatory cytokines by immune cells.8

Because of their immunosuppressive properties, MSC
have been used to treat acute refractory GvHD following
allogeneic HSCT.9

Although bone marrow (BM) represents the main
source of MSC for both experimental and clinical
studies, the use of BM-derived MSC (BM-MSC) is not
always acceptable because of the invasive harvesting
procedure. Moreover, the number of BM-MSC has been
reported to decline with increasing age.10 Recent studies
have indicated that MSC can be isolated from a variety
of tissues, including adipose tissue,11 umbilical cord,12

Wharton’s jelly,13 placenta14 and amnion.15 Tissue from
amnion, placenta, Wharton’s jelly and umbilical cord
represents a promising source of MSC, as it is abundant
and easily obtained by non-invasive procedures. The
present study aimed to characterise and compare
MSC derived from these tissues in term of cell morphol-
ogy, immunophenotype, proliferation capacity and
immunosuppressive properties to those of BM-MSC.
Definition of the biological properties of these MSC
will help to define the potential for use in clinical
applications.

Methods

Isolation and culture of MSC

This study was approved by the Ethical Committee of the
Faculty of Medicine, Thammasat University and Faculty
of Medicine Siriraj Hospital, Mahidol University. BM and
peripheral blood were obtained from healthy volunteers.
Amnion, placenta and umbilical cord were collected after
normal deliveries.

MSC were isolated and cultured using the methodol-
ogy previously described.16 Briefly, mononuclear cells
(MNC) from BM were obtained by Ficoll-Hypaque (GE
Healthcare, Uppsala, Sweden) density gradient centrifu-
gation and cultured in complete medium (Dulbecco’s
Modified Eagle’s Medium (Gibco BRL, Grand Island, NY,
USA) containing 2 mM L-glutamine (Gibco BRL) and
10% foetal bovine serum (FBS; BioWhittaker, Walkers-
ville, MD, USA) at a density of 1 ¥ 105 cells/cm2.

Umbilical cords; Wharton’s jelly, which was obtained
after removal of blood vessels from umbilical cord;
decidua basalis, which was dissected from the central
region of the maternal-facing surface of the placenta, and
amnion, which was obtained by mechanically peeling off
from chorion, were minced into small pieces and digested
with 0.5% trypsin-EDTA (Gibco BRL) for 30 min at 37°C.
The cell suspension from each source was cultured in
complete medium at 37°C in a humidified atmosphere
containing 5% CO2. Culture medium was changed every
3–4 days. The plastic-adherent confluent cells were con-
tinuously subcultured and maintained in the complete
medium.

Characterisation of cultured cells

Primary cultures from BM and postnatal tissues (passages
2–5) were fixed with 1% paraformaldehyde for 15 min
and then incubated with fluorescein isothiocyanate or
phycoerythrin-conjugated antibodies against CD34 (BD
Bioscience, San Jose, CA, USA), CD45 (BD Bioscience),
CD73 (BD Bioscience), CD90 (AbD Serotec, Raleigh, NC,
USA) and CD105 (AbD Serotec) for 30 min at 4°C. At
least 104 labelled cells were acquired and analysed using
FACScalibur with CellQuest software (Becton-Dickinson,
San Jose, CA, USA).

Differentiation potential of cultured MSC

The differentiation potential of cultured MSC was studied
according to the manufacturer’s protocol. For adipogenic
differentiation, 8 ¥ 104 MSC from each source were cul-
tured in NH AdipoDiff Medium (Miltenyi Biotec, Auburn,
CA, USA), with complete change of medium every 3
days. After 3 weeks of culture, cells were stained with
0.5% oil red O (Sigma-Aldrich, St Louis, MO, USA) in
60% isopropanol for 20 min at room temperature.

For osteogenic differentiation, 5 ¥ 103 MSC were cul-
tured in NH OsteoDiff Medium (Miltenyi Biotec), which
was replaced twice a week. After 2 weeks of culture, cells
were stained for alkaline phosphatase (AP) activity. The
controls were cultured in completed medium and carried
out in parallel to the experiments.

Proliferative assay

In order to access the growth characteristics, 6 ¥ 103

cultured MSC from postnatal tissues and BM (passages
2–5) were seeded into 24-well plates (Corning, Cam-
bridge, MA, USA). Cells from each well were then har-
vested on days 2, 4, 6 and 8 for counting by
haemocytometer. The mean numbers of cells were
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calculated and plotted against culture time to generate a
growth curve.

Mixed lymphocyte reaction assays

Labelling responder cells with
5(6)-carboxyfluorescein diacetate
N-succinimidyl ester

MNC from peripheral blood (PB-MNC) of allogeneic
healthy volunteers that were obtained after Ficoll-
Hypaque density gradient centrifugation were incu-
bated with 0.5 mM 5(6)-carboxyfluorescein diacetate
N-succinimidyl ester (CFSE; Sigma-Aldrich, St Louis,
MO, USA) for 15 min at 37°C. After washing, the
labelled cells were then resuspended in RPMI 1640
medium (Gibco BRL) supplemented with 10% FBS
(BioWhittaker) and kept at 4°C.

Irradiating stimulator cells

PB-MNC as stimulator cells were irradiated at 3000 rad,
resuspended in RPMI 1640 medium supplemented with
10% FBS and stored at room temperature.

Mixed lymphocyte reaction assay

CSFE-labelled PB-MNC and irradiated PB-MNC from
allogeneic donors were co-cultured at a ratio of 1:1 in
a 24-well flat-bottomed plate (Corning) containing MSC
derived from postnatal tissues and BM. For the positive
control, the mitogen-induced proliferation was per-
formed using 1 ¥ 105 CFSE-labelled PB-MNC cultured

with 2 mg/mL phytohaemagglutinin (Sigma) in the
absence of MSC. After 5 days of culture, the PB-MNC
were harvested and stained with 7-aminoactinomycin D
(BD Bioscience) to exclude dead cells. The analysis of cell
division was performed using a flow cytometer (FACS-
calibur) and CellQuest software. All experiments were
performed in triplicate. The data are presented as a pro-
liferative index calculated by the following formula:

Proliferative Index
number of cell division R

number 
=

( ) ×5 100

oof cell division R5
number of cell in

original population

( )
+

RR3( )
(1)

Statistical analysis

Data are presented as mean � standard error of the
mean. The analysis of variance test was used to assess
the significance of differences between observed data.
P-values of less than 0.05 were considered to be statisti-
cally significant.

Results

Characteristics of cultured cells

The cells isolated from postnatal tissues were cultured in
the same conditions as the cells isolated from BM. MSC
derived from umbilical cords (UC-MSC), Wharton’s jelly
(WJ-MSC), placenta (PL-MSC) and amnion (AM-MSC)
have spindle-shaped morphology similar to BM-MSC
(Fig. 1). UC-MSC, WJ-MSC, PL-MSC and AM-MSC

Figure 1 Morphology of mesenchymal stromal cells derived from (a, f) bone marrow, (b, g) umbilical cord, (c, h) Wharton’s jelly, (d, i) placenta and (e, j)

amnion. AM-MSC, amnion-derived mesenchymal stromal cells; BM-MSC, bone marrow-derived mesenchymal stromal cells; PL-MSC, placenta-derived

mesenchymal stromal cells; UC-MSC, umbilical cord-derived mesenchymal stromal cells; WJ-MSC, Wharton’s jelly-derived mesenchymal stromal cells.
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could be propagated for 18–22 passages before reaching
replicative senescence. In contrast, BM-MSC reached the
stage of replicative senescence considerably earlier, at
passage 10.

Immunophenotype of cultured cells

Immunophenotype of cultured cells was determined
by flow cytometry. UC-MSC, WJ-MSC, PL-MSC and
AM-MSC exhibited similar immunophenotype as those
of BM-MSC, which expressed high levels of MSC
markers (CD73, CD90 and CD105) but did not express
haemopoietic markers (CD34, CD45) (Fig. 2).

Differentiation potential of cultured MSC

Similar to BM-MSC, UC-MSC, WJ-MSC, PL-MSC and
AM-MSC gave rise to cells that exhibited the character-
istics of adipocytes, that is, large cells with numerous
lipid droplets that were positive for oil red O staining
(Fig. 3f–j), while the presence of adipocyte-like cells in
negative control was not observed (Fig. 3a–e).

For osteogenic differentiation induction, most
UC-MSC, WJ-MSC, PL-MSC and AM-MSC exhibited
osteoblast characteristics, including intracellular refrin-
gent crystals and AP expression, similar to that seen in
differentiated BM-MSC (Fig. 3p–t). The negative controls
did not express AP activity (Fig. 3k–o).

Proliferative capacity

The proliferative assay revealed that UC-MSC and
WJ-MSC have greater proliferative capacity than
BM-MSC, PL-MSC and AM-MSC. The proliferative
capacity of UC-MSC at passages 2 and 3 was similar to
that of WJ-MSC (Fig. 4a,b). The proliferative capacity of
BM-MSC during the first 4 days was significantly lower
than that of UC-MSC and WJ-MSC (P < 0.05) (Fig. 4a,b).
In contrast, the proliferative capacity of PL-MSC and
AM-MSC was significantly lower than that of BM-MSC
in all passages examined (P < 0.05) (Fig. 4a–d).

Immunosuppressive capacity

To determine whether MSC can inhibit the proliferation
of alloreactive T-lymphocytes, responder PB-MNC were
labelled with CFSE. The gating of cells used to calculate
the proliferative index of labelled cells was shown
(Fig. 5). UC-MSC, WJ-MSC, PL-MSC, AM-MSC and
BM-MSC significantly reduced the proliferation of allo-
reactive T-lymphocytes compared with control (mixed
lymphocyte reaction (MLR) without MSC; P < 0.05). In a
comparison of the immunosuppressive capacity of MSC

from various sources, PL-MSC and AM-MSC displayed a
somewhat higher immunosuppressive capacity than
BM-MSC, while UC-MSC and WJ-MSC exhibited a
somewhat lower immunosuppressive capacity than
BM-MSC (Fig. 6). However, the differences in the immu-
nosuppressive capacity among these MSC were not sta-
tistically significant (P > 0.05).

Discussion

Currently, BM-MSC have been used as the main source
for various preclinical and clinical applications.17,18

However, BM-MSC have several limitations, highlighting
the need for alternative sources of MSC for experimental
and therapeutic applications. Amnion, placenta, Whar-
ton’s jelly and umbilical cord are composed of mesen-
chyme; therefore, MSC are considered to be found in
these tissues. This study confirmed that amnion, pla-
centa, Wharton’s jelly and umbilical cord can serve as a
rich source of MSC, as previously reported.12,19–21 MSC
can easily be isolated from these tissues using mechanical
and enzymatic digestion. These cells exhibited similar
characteristics as those of BM-MSC, including fibroblast-
like morphology, immunophenotype12,22,23 and differen-
tiation capacity. They expressed specific mesenchymal
markers such as CD73, CD90 and CD105 similar to
BM-MSC.12,21,22 They were also negative for haemopoi-
etic markers such as CD34 and CD45, as reported for
BM-MSC. AM-MSC, PL-MSC, WJ-MSC and UC-MSC
showed signs of differentiation into adipocytes and
osteoblasts when incubated in induction medium.22,24,25

The presented data demonstrate that these cells share the
minimum criteria for defining MSC according to the
International Society for Cellular Therapy.26 Finally and
most importantly, the proliferative capacity of UC-MSC
and WJ-MSC was significantly higher than that of
BM-MSC, and these cells could be propagated for a
longer period in culture. These data are similar to that
observed in previous studies.14,27,28 The doubling time of
UC-MSC and WJ-MSC is shorter than BM-MSC.27 In
addition, WJ-MSC are able to expand over 300-fold over
seven passages with karyotype stability.27 The higher pro-
liferative capacity is thought to reflect the relatively
primitive nature of these MSC compared with adult
BM-MSC;20 however, the mechanisms underlying these
differences are presently unknown. Further study of
cell-cycle regulation in UC-MSC and WJ-MSC may be
beneficial in addressing those questions.

Clinical trials of MSC therapy in humans have shown
promising results in several clinical settings, including
the resolution of corticosteroid-refractory GvHD.19,29–31

Several studies reported that BM-MSC appear to be
poorly immunogenic because they express low levels of
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Figure 2 Flow cytometric analysis of surface-marker expression on mesenchymal stromal cells (MSC) derived from bone marrow, umbilical cord,

Wharton’s jelly, placenta and amnion. The grey line shows the profile of negative control. The data shown are representative of those obtained in three

different experiments. AM-MSC, amnion-derived mesenchymal stromal cells; BM-MSC, bone marrow-derived mesenchymal stromal cells; PL-MSC,

placenta-derived mesenchymal stromal cells; UC-MSC, umbilical cord-derived mesenchymal stromal cells; WJ-MSC, Wharton’s jelly-derived mesenchymal

stromal cells.
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MHC class I molecules and do not express MHC class II
molecules. In addition, MSC do not express costimula-
tory molecules such as CD40, CD80 and CD86 which
are involved in the activation of T cells for transplant

rejection.32 Therefore, they could be used as third-party
unmatched MSC.30,31 BM-MSC also have the potential to
induce allograft tolerance5,9; therefore, there is consider-
able interest in using BM-MSC in HSCT. However, the

Figure 3 Representative photomicrographs of adipogenic and osteogenic differentiation of bone marrow-, umbilical cord-, Wharton’s jelly-, placenta-

and amnion-derived mesenchymal stromal cells (BM-MSC, UC-MSC, WJ-MSC, PL-MSC and AM-MSC). (f–j) Adipogenic differentiation was evidenced by the

formation of lipid droplet (oil red O-positive) in cytoplasm after adipogenic induction using NH AdipoDiff Medium. (a–e) No lipid droplet was observed in

the cytoplasm of MSC cultured in completed medium. (p–t) Osteogenic differentiation was evidenced by the formation of alkaline phosphatase-positive

aggregates after osteogenic induction using NH OsteoDiff Medium. (k–o) No alkaline phosphatase-positive aggregates were found in cytoplasm of MSC

cultured in completed medium.
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collection of BM remains an invasive procedure involv-
ing significant discomfort to the donor. This study there-
fore investigated whether AM-MSC, PL-MSC, WJ-MSC
and UC-MSC have a similar immunomodulatory capacity
as that of BM-MSC. The result supports previous studies
on the immunosuppressive properties of BM-MSC6,8,9

and WJ-MSC in MLR assay.33 In addition, PL-MSC and
AM-MSC exhibited a stronger immunosuppressive effect
than that of BM-MSC, at least in terms of the ability to
suppress an alloreactive T-lymphocyte in MLR assay. In
contrast, UC-MSC and WJ-MSC exhibited a lower immu-
nosuppressive effect than that of BM-MSC. However,
these differences in immunosuppressive effect were not
significantly different. These findings indicate that these
MSC may be useful as alternatives to BM-MSC in the
treatment of corticosteroid-refractory acute GvHD.30,34 A
recent study reported that third-party PL-MSC have been
used in a patient with acute myeloid leukaemia without

any adverse effects.19 However, the mechanisms under-
lying the immunosuppressive effect of these MSC are not
well characterised. At present, it is still not apparent
whether MSC suppress T-cell proliferation through direct
cell–cell contact or through the production of soluble
factor(s) such as interleukin-10, leukaemia inhibitory
factor, indoleamine oxidase and transforming growth
factor-b.6,35,36 The investigation of mechanisms underly-
ing the immunosuppressive effect of these MSC is
critical for the use of these MSC in future clinical
applications.

One of the most important benefits of obtaining MSC
from these tissues is availability. Banking of MSC from
these tissues could be established for collection of MSC to
be used not only for experimental but also for therapeutic
applications. Without the need for human leukocyte
antigen matching,19 MSC from these tissues can be used
for multiple patients at numerous clinical settings.

Figure 4 Growth curves of mesenchymal stromal cells (MSC) derived from bone marrow, umbilical cord, Wharton’s jelly, placenta and amnion. At day 0,

6 ¥ 103 MSC were seeded in culture plates. Cell number was examined at day 2, 4, 6 and 8. Results are presented as mean � standard error of the mean

(n = 3). , BM-MSC; , UC-MSC; , WJ-MSC; , PL-MSC; , AM-MSC.

Manochantr et al.

© 2012 The Authors
Internal Medicine Journal © 2012 Royal Australasian College of Physicians436



Fi
g

u
re

5
M

ix
ed

ly
m

p
ho

cy
te

re
ac

tio
n

(M
LR

)a
ss

ay
s

w
er

e
an

al
ys

ed
b

y
flo

w
cy

to
m

et
ry

.(
a)

D
ot

p
lo

to
ff

or
w

ar
d

sc
at

te
r

an
d

si
d

e
sc

at
te

r
sh

ow
th

e
T-

ly
m

p
ho

cy
te

fr
ac

tio
n

of
p

er
ip

he
ra

lb
lo

od
m

on
on

uc
le

ar
ce

lls
.

(b
)D

ot
p

lo
t

of
5(

6)
-c

ar
b

ox
yfl

uo
re

sc
ei

n
d

ia
ce

ta
te

N
-s

uc
ci

ni
m

id
yl

es
te

r
(C

FS
E)

an
d

7-
am

in
oa

ct
in

om
yc

in
D

(7
-A

D
D

)s
ho

w
th

e
liv

in
g

T-
ly

m
p

ho
cy

te
s

w
ith

C
FS

E-
p

os
iti

ve
.(

c)
D

ot
p

lo
t

of
C

FS
E

an
d

fo
rw

ar
d

sc
at

te
r

sh
ow

T-
ly

m
p

ho
cy

te
s

la
b

el
le

d
w

ith
C

FS
E

d
iv

id
in

g
in

re
sp

on
se

to
ir

ra
d

ia
te

d
p

er
ip

he
ra

lb
lo

od
-d

er
iv

ed
m

es
en

ch
ym

al
st

ro
m

al
ce

lls
(P

B
-M

N
C

).
A

M
-M

SC
,a

m
ni

on
-d

er
iv

ed
m

es
en

ch
ym

al
st

ro
m

al
ce

lls
;B

M
-M

SC
,

b
on

e
m

ar
ro

w
-d

er
iv

ed
m

es
en

ch
ym

al
st

ro
m

al
ce

lls
;

P
L-

M
SC

,
p

la
ce

nt
a-

d
er

iv
ed

m
es

en
ch

ym
al

st
ro

m
al

ce
lls

;
U

C
-M

SC
,

um
b

ili
ca

lc
or

d
-d

er
iv

ed
m

es
en

ch
ym

al
st

ro
m

al
ce

lls
;

W
J-

M
SC

,
W

ha
rt

on
’s

je
lly

-d
er

iv
ed

m
es

en
ch

ym
al

st
ro

m
al

ce
lls

.

Immunosuppressive property of MSC

© 2012 The Authors
Internal Medicine Journal © 2012 Royal Australasian College of Physicians 437



Conclusion

This study demonstrates that amnion, placenta, Whar-
ton’s jelly and umbilical cord represent a rich source of
MSC that can be easily isolated and expanded in culture.
These MSC display biological properties similar to
BM-MSC, suggesting that MSC isolated from such
sources may provide non-invasively accessible cellular
sources for future clinical applications.
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