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Abstract:    Objective: Human embryonic stem cells (hESCs) have recently been reported as an unlimited source of 
mesenchymal stem cells (MSCs). The present study not only provides an identical and clinically compliant MSC 
source derived from hESCs (hESC-MSCs), but also describes the immunomodulative effects of hESC-MSCs in vitro 
and in vivo for a carbon tetrachloride (CCl4)-induced liver inflammation model. Methods: Undifferentiated hESCs were 
treated with Rho-associated kinase (ROCK) inhibitor and induced to fibroblast-looking cells. These cells were tested 
for their surface markers and multilineage differentiation capability. Further more, we analyzed their immune charac-
teristics by mixed lymphocyte reactions (MLRs) and animal experiments. Results: hESC-MSCs show a homogenous 
fibroblastic morphology that resembles bone marrow-derived MSCs (BM-MSCs). The cell markers and differentiation 
potential of hESC-MSCs are also similar to those of BM-MSCs. Unlike their original cells, hESC-MSCs possess poor 
immunogenicity and can survive and be engrafted into a xenogenic immunocompetent environment. Conclusions: The 
hESC-MSCs demonstrate strong inhibitory effects on lymphocyte proliferation in vitro and anti-inflammatory infiltration 
properties in vivo. This study offers information essential to the applications of hESC-MSC-based therapies and evi-
dence for the therapeutic mechanisms of action. 
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1  Introduction 

 
Mesenchymal stem cells (MSCs) are multipotent 

progenitors traditionally found in bone marrow 
(Friedenstein et al., 1974). Human MSCs (hMSCs) 
were initially isolated and cultured by Haynesworth et 
al. (1992). Adult and fetal MSCs stained negatively 
for CD34 and CD45 and positively for CD73, CD105, 
and CD166 (Campagnoli et al., 2001; in′t Anker et al., 
2003; Sabatini et al., 2005; da Silva Meirelles et al., 
2006; Seeberger et al., 2006). MSCs were shown to 

have the ability to give rise to various mesenchymal 
tissues such as bone, cartilage, and adipose tissue 
(Pittenger et al., 1999). Recently, unique immu-
nologic properties of MSCs have been described, 
such as their poor immunogenicity in vitro and in vivo 
(Klyushnenkova et al., 2005; Ryan et al., 2005), in-
hibition of the proliferation and cytotoxicity of natu-
ral killer (NK) cells (Spaggiari et al., 2008), suppres-
sion of T cell proliferation (di Nicola et al., 2002), and 
suppression of B cell proliferation and differentiation 
(Corcione et al., 2006). Taking advantage of their 
immune privileges, MSCs promise tremendous thera-
peutic potential. Koç et al. (2002) reported allogenic 
MSC infusion for the treatment of metachromatic 
leukodystrophy and Hurler syndrome. Ringdén et al. 
(2006) reported that MSCs were transplanted for the 
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treatment of severe acute graft-versus-host disease. 
However, both laboratory and clinical studies have 
been characterized by the unclear sources and poor 
reproducibility of MSCs (Rao and Mattson, 2001). 

Compared with MSCs, embryonic stem cells 
(ESCs), pluripotent stem cells derived from the inner 
cell mass of blastocysts of mammals, are believed to 
be more versatile (Thomson et al., 1998). Due to their 
excellent proliferative potential, human ESCs (hESCs) 
are considered as an alternative to overcome the limi-
tations of hMSCs for regenerative medicine. Several 
cell types have been developed from hESCs (Carpenter 
et al., 2001; Kehat et al., 2003; Lavon et al., 2004), 
though the current differentiation methods are still 
unsatisfactory. Additionally the risks of tumor forma-
tion and immune rejection after hESC transplantation 
are always a concern (Grinnemo et al., 2006).  

Most recently, derivation of MSCs from hESCs 
was reported by several groups (Barberi et al., 2005; 
Olivier et al., 2006; Lian et al., 2007). These hESC- 
derived MSCs (hESC-MSCs) represent an unlimited 
source of MSCs for cell-based therapy (Hwang et al., 
2008; Chen et al., 2009; Karlsson et al., 2009). In this 
study, we describe an optimized protocol for deriving 
MSCs from hESCs and characterize the hESC-MSC 
population by observing cell-surface markers. Further, 
to address the significant potential of hESC-MSCs in 
clinical applications, the immunologic properties of 
these cells were evaluated. 

 
 

2  Materials and methods 

2.1  Cell culture and differentiation 

hESC line HUES3 (passage 47) was cultured on 
mitomycin-C (Kyowa, Japan)-inactivated mouse 
embryonic fibroblasts (MEFs) in knockout Dul-
becco’s modified Eagles medium (knockout-DMEM; 
Gibco, USA) supplemented with 20% (v/v) knockout 
serum replacement (SR; Gibco), 2 mmol/L L-glutamine 
(Gibco), 0.1 mmol/L β-mercaptoethanol (Sigma, 
USA), 1% (v/v) nonessential amino acids (Gibco), 
and 10 ng/ml human basic fibroblast growth factor 
(bFGF; Invitrogen, USA). For expansion, hESCs 
were subcultured by mechanical dissection every 5–  
7 d. Tissue culture plates and dishes (Falcon, Becton- 
Dickinson, USA) were coated with 5 g/L gelatin 
(Gibco). The cells were cultured at 37 °C in 5% CO2 

with daily change of medium. 
To induce hESCs differentiation toward hESC- 

MSCs, cells were pretreated with 10 μmol/L Rho- 
associated kinase (ROCK) inhibitor (Y-27632, Sigma) 
for 1 h. Then hESCs were completely dissociated with 
TrypLE™ Express (Gibco) and plated onto gelatin- 
coated dishes at 5×104 cm−2 in the medium containing 
10 μmol/L Y-27632. After 12 h, the medium was 
replaced by complete medium (DMEM medium 
supplemented with 10% (v/v) fetal bovine serum 
(FBS; Gibco)). After 3 d, non-adherent cells and de-
bris were removed. The adherent cells were cultured 
continuously in complete medium and passaged using 
TrypLE™ Express (Gibco) when confluent. Homo-
geneous fibroblast-like cells could be obtained after 
2–3 passages. 

2.2  Surface antigen analysis of hESC-MSCs 

Cell-surface antigens on hESC-MSCs were as-
sessed using fluorescence activated cell sorting 
(FACS). hESC-MSCs (passage 8) were collected and 
resuspended to 5×105 cells in 50 µl of phosphate 
buffered saline (PBS). The cells were incubated with 
phycoerythrin (PE)-conjugated rat anti-human CD105, 
CD45, CD166, CD73, and STRO-1, and PE-Cy7- 
conjugated rat anti-human CD34 (Becton-Dickinson) 
on ice for 30 min (Campagnoli et al., 2001; in′t Anker 
et al., 2003; Sabatini et al., 2005; da Silva Meirelles et 
al., 2006; Seeberger et al., 2006). For all samples, 
1×104 cells were analyzed on an FACSCalibur (Becton- 
Dickinson). All data were analyzed using CellQuest 
3.1 software (Becton-Dickinson). 

2.3  Functional differentiation of hESC-MSCs 

To further characterize these hESC-MSCs, os-
teogenic, adipogenic, and chondrogenic differentia-
tions of hESC-MSCs were achieved under conditions 
described previously for adult MSCs (Pittenger et al., 
1999). 

For osteogenic differentiation, hESC-MSCs 
were seeded at 5×103 cells/cm2 in complete medium. 
At 50% confluence, the medium was supplemented 
with 50 μmol/L ascorbic acid-2-phosphate, 10 nmol/L 
dexamethasone, and 10 mmol/L β-glycerophosphate 
(all from Sigma). The medium was changed every 3 d 
for three weeks and the cells were analyzed for min-
eralization with von Kossa staining. For von Kossa 
staining, the cultures were washed twice with PBS, 
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fixed in Histofix® solution for 30 min, rinsed twice 
with distilled water, stained with 50 g/L silver nitrate 
(Sigma) in the dark for 10 min, rinsed thrice with 
distilled water, and finally exposed to bright light for 
30 min.  

To induce adipogenic differentiation, cells were 
seeded at 1×104 cells/cm2. At confluence, cells were 
incubated with complete medium supplemented with 
0.5 mmol/L indomethacin, 100 nmol/L dexamethasone, 
10 µg/ml insulin, and 0.2 mmol/L 3-isobutyl-1-  
methylxanthine (all from Sigma). The medium was 
changed every 3 d for two weeks. Finally the cells 
were analyzed for lipid content with oil-red O staining. 
For oil-red O staining, cells were washed thrice with 
PBS, fixed in 40 g/L paraformaldehyde for 15 min, 
and stained with oil-red O solution (Sigma) for 15 min. 

Chondrogenic differentiation of hESC-MSCs 
was induced in a pellet culture system. Briefly, 5×105 
cells were placed in a 15-ml polypropylene tube 
(Falcon), and centrifuged to a pellet. The pellet was 
cultured at 37 °C with 5% CO2 in 1 ml of complete 
medium containing 10 ng/ml transforming growth 
factor-β3 (TGF-β3; PeproTech, USA), 50 µg/ml 
ascorbic acid-2-phosphate (Sigma), 100 nmol/L dex-
amethasone (Sigma). The medium was changed every 
3 d for three weeks. After induction, the pellets were 
stained with toluidine blue (Sigma) to detect pericel-
lular sulfated glycosaminoglycan (GAG) deposition. 

2.4  Reverse transcription-polymerase chain reac-
tion (RT-PCR) 

Total RNA was extracted by using TRIzol reagent 
(Invitrogen). Moloney murine leukemia virus (M-MLV) 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

reverse transcriptase (Promega, USA) and random 
primers (Promega) were used for first strand com-
plementary DNA (cDNA) synthesis according to the 
manufacturer’s instructions. PCR was carried out 
with Taq DNA polymerase (TaKaRa, Japan), and the 
PCR products were visualized by electrophoresis with 
a 15 g/L agarose gel containing 0.5 μg/ml ethidium 
bromide. The target genes, primer sequences, and 
product sizes are listed in Table 1. 

2.5  Mixed lymphocyte reactions (MLRs) 

Mouse splenocytes were isolated by mincing and 
tearing spleens through a stainless steel mesh into PBS. 
Mononuclear cells (MNCs) were collected by Ficoll 
density gradient centrifugation. Cells were washed 
thrice with PBS and resuspended in RPMI-1640 me-
dium supplemented with 2 mmol/L L-glutamine,  
0.1 mmol/L β-mercaptoethanol, 1% (v/v) nonessen-
tial amino acids, and 10% (v/v) FBS (Azpiroz et al., 
1999). After incubation, the cells were harvested as 
responder lymphocytes. The effect of hESC-MSCs on 
lymphocyte growth (viability and proliferation) was 
assessed by measuring 3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyl tetrzolium bromide (MTT) absorbance 
and generating growth curves.  

For MTT absorbance assay, the hESC-MSCs 
treated with mitomycin-C were plated onto 96-well 
plates at different densities. After incubation for 12 h 
1×105 cells/ml lymphocytes suspended in culture 
medium with or without 10 μg/ml concanavalin A 
(ConA) were plated in triplicate into the plates. On the 
day of assay, 2 mg/ml MTT dissolved in PBS was 
added to each well. After 5 h incubation, the medium 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Oligonucleotide primers used in the RT-PCR 

Gene Primer sequence (5′→3′) GenBank accession No. Product size (bp)
ALP Forward: CCCGTGGCAACTCTATCTT NM_000478 553 
 Reverse: GGGCGGCAGACTTTGGTT   
Osteocalcin Forward: AGGGCAGCGAGGTAGTGA NM_199173 150 
 Reverse: CCTGAAAGCCGATGTGGT   
PPARγ Forward: GCAGAGCAAAGAGGTGGC NM_015869 470 
 Reverse: AGGACTCAGGGTGGTTCA   
Aggrecan Forward: AGGAGACAGAGGGACACGTC NM_013227 249 
 Reverse: TCCACTGGTAGTCTTGGGCAT   
Perlecan Forward: ACAGCCACCAGTCACCCACG NM_005529 279 
 Reverse: GCTTCATCAGTTCGGTCCTCACA   
β-actin Forward: AGCAAGCAGGAGTATGACG NM_001101 354 

 Reverse: TTTAGGATGGCAAGGGAC   
ALP: alkaline phosphotase; PPARγ: peroxisome proliferator-activated receptor γ 
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was removed and 200 µl dimethyl sulphoxide 
(DMSO) was added to each well. Then the plates 
were shaken in the dark for 15 min, and the absorb-
ance was recorded at 570 nm. 

For growth curve analysis, 3.2×106 lymphocytes 
were plated onto 24-well plates in culture medium 
with or without mitomycin-C treated hESC-MSCs. 
The total number of lymphocytes in triplicate wells 
was counted everyday for 5 d. 

2.6  Experimental animals and transplantation 

We used 6-week-old male BALB/c mice in 
compliance with the institutional guidelines. For im-
munization, approximately 2×106 hESCs or hESC- 
MSCs were injected triweekly by intraperitoneal in-
jection. At 7 d after the fourth injection, the mice were 
eye-bled, and sera were isolated for immunocyto-
chemistry analysis. For the acute CCl4-induced liver 
inflammation study, 5.0 ml/kg body weight of 10% 
CCl4 solution in mineral oil was administered by in-
traperitoneal injection (Sakaida et al., 2004). The 
following day, mice underwent cell transplantation 
and 1×107 hESCs or hESC-MSCs were transplanted 
into the injured liver of BALB/c mice via the caudal 
vein. One week after transplantation, the liver sections 
were analyzed by immunohistochemistry. 

2.7  Immunofluorescence staining 

For immunocytochemistry analysis, cells were 
fixed with 40 g/L paraformaldehyde for 30 min, 
washed with PBS, and then blocked with 50 g/L bo-
vine serum albumin (BSA) at room temperature. Se-
rum samples, mentioned above, rabbit anti-human 
Nanog antibody (Abcam, USA), and mouse anti- 
human SSEA-4 antibody (R&D, USA) were used as 
the primary antibodies. FITC-labeled goat anti-mouse 
antibody, FITC-labeled goat anti-rabbit antibody 
(Epitomics, http://www.epitomics.com), and PE-labeled 
goat anti-mouse antibody were used as the secondary 
antibodies, respectively. All the samples were 
counterstained with Hoechst 33258 (Sigma) for 5 min. 
Cells were visualized under fluorescence microscopy 
(Olympus IX-70, Japan). 

For immunohistochemistry analysis, the liver 
tissues were fixed by perfusion with 40 g/L parafor-
maldehyde and cryoprotected in 300 g/L sucrose for  
3 d. Histological analyses of liver tissues were con-
ducted by serial tissue section and stained with rabbit 

anti-human Ki-67 and rabbit anti-mouse CD3 anti-
bodies (Epitomics). The secondary antibody was 
Dylight 594-labeled goat anti-rabbit antibody 
(Chemicon, USA). 

2.8  Statistical analysis 

Statistical comparisons between hESCs and 
hESC-MSCs were made using unpaired Student’s 
t-test in SPSS 12.0. Probability values (P) <0.05 were 
considered statistically significant. 

 
 

3  Results 

3.1  Mesenchymal differentiation of hESCs 

Undifferentiated hESCs showed typical compact 
colony morphology and stained positively for 
SSEA-4 and Nanog (Figs. 1a–1c). After 10 d of 
mesenchymal induction, the differentiated hESCs 
showed a homogenous fibroblastic morphology that 
resembled adult MSCs (Figs. 1d–1f). These fibroblast- 
like cells exhibited many surface markers similar to 
adult MSCs, including positive staining for CD73, 
CD105, CD166, and STRO-1, and negative staining 
for hematopoietic markers such as CD34 and CD45 
(Fig. 2). 

3.2  Differentiation potential of hESC-MSCs 

After three weeks, osteogenesis of hESC-MSCs 
was demonstrated by calcium deposition in the matrix 
visualized with von Kossa staining and increased 
expression of alkaline phosphotase (ALP) and os-
teocalcin. As shown in Fig. 3a, undifferentiated 
hESCs expressed high levels of ALP compared with 
the hESC-MSCs, while after osteogenic induction the 
differentiated hESC-MSCs restored the expression of 
ALP. Lipid droplets were detectable by oil-red O 
staining after two weeks of adipocytic induction and 
peroxisome proliferator-activated receptor γ (PPARγ), 
a marker of adipocytic differentiation, was detected 
by RT-PCR (Fig. 3b). After three weeks of induction, 
chondrogenic differentiation of hESC-MSCs was 
achieved. More than 80% of all cells stained positively 
with toluidine blue, showing the GAG biosynthesis in 
the cell pellets. The expressions of chondrogenic 
genes, aggrecan and perlecan, two components of 
extracellular matrix selectively expressed by chon-
drocytes, were confirmed by RT-PCR (Fig. 3c). 
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Fig. 1  Morphologic observation of hESCs 
during differentiation into MSC-like 
cells 
(a) hESCs were cultured on mitomycin-C 
inactivated MEFs; (b, c) Undifferentiated 
hESCs stained positively for SSEA-4 and 
Nanog, respectively; (d) hESCs treated 
with 10 μmol/L Y-27632 were plated into 
gelatin-coated dishes at low density in 
DMEM supplemented with 10% FBS; (e) 
On Day 4, non-adherent cells and debris 
were removed, and the adherent cells 
were cultured continuously in complete 
medium; (f) After 10 d, the cells showed a 
homogenous fibroblastic morphology that 
resembled adult MSCs 

  (a)  (b) (c)

  (d) (e) (f) 

100 μm 200 μm 200 μm 

100 μm 100 μm 100 μm 

Fig. 2  Expression of cell surface markers 
related to hESC-MSCs 
hESC-MSCs exhibited many surface 
markers similar to adult MSCs, including 
positive staining for CD73, CD105, 
CD166, and STRO-1, and negative 
staining for hematopoietic markers such 
as CD34 and CD45 
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Fig. 4  Morphologic observation of lymphocytes co-cultured with mitomycin-C inactivated hESC-MSCs
(a) Resting lymphocytes were scattered and round; (b) Lymphocytes showed clustering with stimulation by ConA; 
(c) Resting lymphocytes co-cultured with hESC-MSCs resembled naive lymphocytes, showing a scattered and round 
appearance; (d) ConA-stimulated lymphocytes co-cultured with hESC-MSC showed a unique morphology, neither 
clustering nor scattering 

(a) (b) (c) (d) 

50 μm 50 μm 50 μm 50 μm 

Osteogenesis Adipogenesis Chondrogenesis

ALP

Osteocalcin

β-actin

Aggrecan

Perlecan

β-actin

PPARγ

β-actin

(a) (b) (c)

Fig. 3  Osteogenic, adipogenic, and chon-
drogenic differentiations of hESC-MSCs
(a) After three weeks, osteogenesis was 
demonstrated by calcium deposition in the 
matrix visualized with von Kossa staining 
and increased expression of ALP and 
Osteocalcin; (b) Lipid droplets (arrows) 
were detectable by oil-red O staining after 
two weeks of adipocytic induction and 
PPARγ, a marker of adipocytic differen-
tiation, was detected by RT-PCR; (c) 
While after three weeks of induction, 
chondrogenic differentiation of hESC- 
MSCs was achieved. More than 80% of all 
cells stained positively with toluidine 
blue. The expressions of chondrogenic 
genes, aggrecan and perlecan, were con-
firmed by RT-PCR. Lane 1: hESCs; Lane 
2: hESC-MSCs; Lane 3: Induced cells 
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100 μm 50 μm 250 μm 
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3.3  Growth inhibitory effect of hESC-MSCs on 
lymphocytes 

 
Fig. 4 shows the morphology of lymphocytes 

co-cultured with mitomycin-C treated hESC-MSCs 
for 3 d. Resting lymphocytes were scattered and 
round in shape (Fig. 4a). Lymphocytes showed clus-
tering with the stimulation of ConA (Fig. 4b). Com-
pared with controls, resting lymphocytes co-cultured 
with hESC-MSCs resembled naive lymphocytes, 
showing a scattered and round morphology (Fig. 4c), 
while ConA-stimulated lymphocytes co-cultured with 
hESC-MSCs showed a unique morphology, neither 
clustering nor scattering (Fig. 4d).  

Furthermore, hESC-MSCs suppressed the pro-
liferation of lymphocytes in a dose-dependent fashion, 
and hESC-MSCs inhibited lymphocyte proliferation 
effectively, even in low concentrations (Fig. 5b). The 
growth curve of lymphocytes (LCs) at 1:80 ratio 
(MSC/LC) is shown in Fig. 5a, indicating a time- 
dependent reduction of lymphocytes when co-cultured 
with hESC-MSCs. 

3.4  Immunomodulative effect of hESC-MSCs in vivo 

Several experimental studies have demonstrated 
that hMSCs can survive and be engrafted into an im-
munocompetent environment (Ryan et al., 2005; 
Niemeyer et al., 2008). We found that the hESC- 
MSCs have the same ability. We detected the antibody 
production of mice immunized with hESCs or hESC- 
MSCs. The hESC-MSCs failed to induce antibody 
production in immunocompetent BALB/c mice (Fig. 6). 
In the xenograft model, as shown in Fig. 7, cells which 
stained positively with human specific Ki-67 immu-
nostaining mainly accumulated in portal areas where 
CCl4-induced necrosis and inflammation occurred.  

Furthermore, in the hESC-MSC transplant group, 
there was a significant decrease in positive staining 
for CD3, indicating that the inflammatory infiltration 
to the injured area was decreased (Fig. 8c). In the 
hESC transplant group (Fig. 8b), there was a minor 
accumulation of CD3+ cells in the inflammatory in-
filtration area compared with the control group 
(Fig. 8a). The sectional areas of inflammation were 
directly measured using National Institutes of Health 
(NIH) Image J software and differences between 
groups are shown in Fig. 8d. 

 

4  Discussion 
 

Embryonic and adult stem cells are two sources 
of donor cells utilized in stem cell-based therapies. 
ESCs have the potential to differentiate into any kind 
of body cell and can proliferate in vitro infinitely. 
However, they are difficult to control and have a risk 
for graft rejection (Grinnemo et al., 2006). Adult stem 
cells with multilineage differentiation capability are 
relatively safer in application, but are difficult to 
obtain in large quantities. Moreover, invasive pro-
cedures are required to obtain adult stem cells 
(Pittenger et al., 1999; Rao and Mattson, 2001). 
Based on others’ work and our findings, MSCs de-
rived from hESCs may be a possible alternative to 
solve these problems. The hESC-MSCs were re-
markably similar to MSCs derived from other sources, 
including having a homogenous fibroblastic mor-
phology, an immunophenotype similar to adult MSCs, 
and a multilineage differentiation potential.  

In previous studies, different protocols have 
been described to derive MSC-like cells from hESCs, 
including co-culture with mouse OP9 cells (Barberi et 
al., 2005), embryoid body differentiation (Hwang et 
al., 2008), spontaneous differentiation in monolayer 
(Trivedi and Hematti, 2008), selection of cell popu-
lations by FACS (Lian et al., 2007), and mechanical 
separation (Olivier et al., 2006). Here we developed a 
novel, simplified method to obtain a morphologically 
homogeneous hESC-MSC population. Our derivation 
protocol required neither xenogenic feeder nor man-
ual selection and showed greater stability. The 
hESC-MSCs obtained in this study exhibited excel-
lent proliferative capacity and immune privilege. The 
mechanism that allows pluripotent cells to transform 
into multipotent cells could help us understand early 
events of human embryonic development. ROCK 
inhibitor has been reported to decrease the depend-
ence of hESC on cell-cell contact and permit survival 
of single hESC (Watanabe et al., 2007). The mes-
enchymal differentiation of hESCs induced by 
Y-27632 prompted that cell-cell contact plays an 
important role in the process of pluripotent to mul-
tipotent transformation.  

The survival of implanted hMSCs and im-
provement in tissue function have been described in 
different animal models (Bruder et al., 1998; Liechty 
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(a) (b) Fig. 5  Suppression of the lymphocyte 
(LC) proliferation by hESC-MSCs 
(a) At ratio 1:80 (MSC/LC), the growth 
curve of lymphocytes is shown, 
indicating a time-dependent reduction 
of lymphocytes when co-cultured with 
hESC-MSCs; (b) hESC-MSCs inhibited 
the lymphocyte proliferation in a dose- 
dependent fashion 

Fig. 6  Antibody production of hESC or hESC-MSC induction in BALB/c mice 
(a) hESCs succeeded in inducing antibody production in immunocompetent BALB/c mice; (b) hESC nuclei were 
counterstained with Hoechst 33258; (c) hESC-MSCs failed to induce antibody production; (d) hESC-MSC nuclei were 
counterstained with Hoechst 33258 
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Fig. 7  Immunofluorescence staining of human specific 
Ki-67 protein 
(a) The positively stained cells mainly accumulated in portal 
areas (arrows) of the hESC-MSC transplanted mouse liver; 
(b) Cell nuclei in (a) were counterstained with Hoechst 33258; 
(d) No positive staining was found in the nontransplanted 
group; (e) Cell nuclei in (d) were counterstained with Hoechst 
33258; (c) Merged image of (a) and (b); (f) Merged image of (d) 
and (e) 
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Fig. 8  Immunofluorescence staining of mouse CD3+ cells 
A significant decrease in positive staining indicates that inflammatory infiltration was ameliorated in the hESC-MSC 
transplanted mice (Group C) (c), compared with nontransplanted mice (Group A) (a). A minor increase in inflammatory 
infiltration was found in the hESC transplanted mice (Group B) (b). (d) Quantitative and statistical analyses 
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et al., 2000; Toma et al., 2002). Recently, several in 
vitro studies have provided further evidence that 
hMSCs possess unique immunologic properties, 
showing that hMSCs fail to elicit proliferation of 
allogeneic lymphocytes even in the presence of 
costimulatory molecules (Bartholomew et al., 2002; 
di Nicola et al., 2002; le Blanc et al., 2003; Tse et al., 
2003). Likewise, hESC-MSCs have a strong immu-
nosuppressive effect on lymphocytes in vitro. Trivedi 
and Hematti (2008) and Yen et al. (2009) have re-
ported that hESC-MSCs can suppress proliferation of 
T lymphocytes derived from peripheral blood MNCs. 
Our findings from MLRs of xenogenic lymphocytes 
and hESC-MSCs further support their results.  

Following transplantation, the in vivo immune 
responses are much more complicated than those in the 
in vitro model. Thus our aim was to find out whether 
hESC-MSCs could survive and play a role in a xeno-
genic immunocompetent environment in vivo. Inter-
estingly, we found that only weak immune responses 
could be induced in hESC-MSC transplanted mice 
compared with hESCs. Furthermore the implanted 
hESC-MSCs could not only survive and be engrafted 
into the CCl4-induced injured liver, but also ameliorate 
the inflammatory infiltration of injured areas. In the 
process of stem cell-based therapy, transplanted stem 
cells play roles through four possible mechanisms:  
(1) homing to injured tissues; (2) inhibiting inflamma-
tion by cell-cell contact or cytokines production;  
(3) promoting survival of damaged cells through 
paracrine factors; and (4) differentiating to functional 
cells and replacing the damaged cells (Wang and Li, 
2007; Mishra, 2008). Our results demonstrate the ef-
fects of hESC-MSC-based therapy in ameliorating 
inflammation. Future work should investigate whether 
transplanted hESC-MSCs can differentiate into func-
tional tissues or work as nutritive cells through 
paracrine secretion. In addition, previous studies re-
ported that cells derived from hESCs have the potential 
to cause tumors. We did not observe any formation of 
tumors in our studies, even though large numbers of 
hESC-MSCs were transplanted.  

In summary, hESC-MSCs possess strong im-
munosuppressive properties, including the inhibition 
of lymphocyte proliferation triggered by ConA, sur-
vival in a xenogenic immunocompetent environment, 
and amelioration of inflammatory infiltration in in-
jured tissues. With their broad immune privileges, 

hESC-MSCs may represent a new and unlimited cell 
source for therapeutic use. 
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