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The expression of immunogenic markers after differentiation of umbilical cord blood (UCB)-derived mesenchymal stem cells (MSC) has 
been poorly investigated and requires extensive in vitro and in vivo testing for clinical application. The expression of human leukocyte antigen 
(HLA) classes on UCB-derived MSC was tested by Fluorescence-activated cell sorting analysis and immunocytochemical staining. The 
undifferentiated MSC were moderately positive for HLA-ABC, but almost completely negative for HLA-DR. The MSC differentiated to 
chondrocytes expressed neither HLA-ABC nor HLA-DR. The proliferation of MSC was not significantly affected by the allogeneic 
lymphocytes stimulated with concanavalin A. The responder lymphocytes showed no significant decrease in proliferation in the presence 
of the MSC, but the apoptosis rate of the lymphocytes was increased in the presence of MSC. Taken together, these findings indicate that 
UCB-derived MSC differentiated to chondrocytes expressed less HLA class I and no class II antigens. The MSC showed an 
immunomodulatory effect on the proliferation and apoptosis of allogeneic lymphocytes. These data suggest that the differentiated and 
undifferentiated allogeneic MSC derived from umbilical cord blood can be a useful candidate for allogeneic cell therapy and transplantation 
without a major risk of rejection.
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Introduction

Mesenchymal stem cells (MSC) can be isolated from a variety 
of tissues including bone marrow, skin, adipose tissue, skeletal 
muscle, liver, fetal tissues, amniotic fluid, placenta, peripheral 
blood and umbilical cord blood. MSC also have a capacity to 
expand and differentiate into tissues of three germ layers, in vivo 
and in vitro. These cells have various beneficial characteristics, 
such as self-renewal, multipotential differentiation, easy 
isolation, plastic-adherence under standard culture condition 
and high expansive potential [2,26,28]. Besides these beneficial 
characteristics of multipotency, the immunogenicity and 
immunomodulatory ability of MSC before and after 
differentiation has raised a great deal of interest [5,8,39]. 
Moreover, their immunosuppressive potential on lymphocytes 

has been investigated [16].
MSC from bone marrow have been widely employed as the 

main source in various experimental and clinical studies. 
However, the use of bone marrow-derived cells is not always 
acceptable owing to the high degree of viral exposure and the 
significant decrease in cell number and the proliferative/ 
differentiation capacity along with age [25]. In addition, their 
extraction from bone marrow requires a painful, invasive 
procedure.

Therefore, umbilical cord blood (UCB) has often been used 
as an alternative source of hematopoietic stem cells and 
mesenchymal stem cells. Human UCB-derived MSC also have 
a practical advantage over bone marrow-derived MSC in that 
they are obtained by non-invasive methods that do not harm 
either the mother or the infant. Furthermore, the cord blood 
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stem cells are more immature than adult MSC, expand readily in 
vitro [15] and have potent differentiation potential [41].

One of the most important factors regarding the clinical use of 
the MSC in cell therapies and transplantation is their immune 
reaction within the host. The low immunogenicity of MSC is 
advantageous for clinical applications. Although the expansion 
and differentiation potentials of UCB-derived MSC have 
already been well characterized, the immunological properties 
have not been as thoroughly investigated as bone marrow- 
derived MSC.

It has been suggested that UCB-derived MSC expanded in 
vitro retained the characteristics of their low immunogenicity 
and immunomodulatory effects [27,40]. The autologous, 
allogeneic and xenogenic transplantation of MSC from adult 
tissues and umbilical cord blood has also been shown to exhibit 
considerable therapeutic potential in spinal cord injury 
[13,23,24,35], and in an animal model, the immunomodulation 
potential of MSC was found to prolong skin graft survival in 
vitro [2]. The MSC derived from bone marrow were shown to 
be poorly immunogenic and suppress allogeneic or autologous 
T-cell responses [6,19,22,38].

These specific characteristics of MSC make them an 
attractive tool for cell therapies, tissue engineering, regenerative 
medicine and transplantation of tissues and solid organs [3,30]. 
However, the mechanism underlying the MSC-mediated 
inhibition of T-lymphocyte proliferation has not been fully 
elucidated to date.

Therefore, this study was conducted to investigate the 
immunological properties of the UCB-derived MSC to assess 
their potential usefulness in allogeneic transplantation and 
cellular therapies. We examined the expression pattern of HLA 
class I and II antigens on the UCB-derived MSC before and 
after differentiation to chondrocytes. Furthermore, the effects 
of immunologic reactivity of MSC with allogeneic lymphocytes 
on proliferation and apoptosis were tested in vitro.

Materials and Methods 

Isolation, cultivation and identification of MSC from 
umbilical cord blood

UCB samples were obtained during Cesarean section after 
receiving informed consent from patients. This study was 
approved by the Institutional Review Board at Seoul National 
University Hospital and Gyeongsang National University 
Hospital. Blood was collected into 250 mL standard blood 
collection bags (Green Cross, Korea) that contained citrate- 
phosphate dextrose anticoagulant. 

The isolation and cultivation of MSC from UCB were 
performed as previously described [18]. Briefly, low-density 
mononuclear cells (MNC) were isolated using Ficoll-Paque 
Plus (＜ 1.077 g/mL; Amersham Biosciences, Sweden). The 
cells were then resuspended in Dulbeco’s Modified Eagle low 

glucose medium (Gibco-BRL, USA) that was supplemented 
with 10% fetal bovine serum (FBS; Gibco-BRL) and 
antibiotics. The total numbers of nucleated and viable cells 
were determined by vital staining using tryphan blue stain.

Cells were cultured in low glucose Dulbeco’s Modified Eagle 
Media (DMEM) with 10% FBS, 2 mmol/L L-glutamine 
(Gibco-BRL) and 0.3% penicillin-streptomycin (Gibco-BRL) 
under 5% CO2 at 37oC. 

For identification and characterization of the cultured MSC, 
periodic acid-Schiff (PAS) treatment for glycogen in 
hUCB-MSC and FACS analysis using FACS Calibur (BD 
Biosciences, USA) were performed as previously described 
[18]. Mouse monoclonal antibodies were conjugated to the 
fluorescein isothiocyanate (FITC; BD Biosciences).

Following immunophenotyping of surface antigens of MSC, 
cells positively expressing the surface markers of CD29, CD44, 
CD73, CD90, and CD105 and negatively expressing the surface 
markers of CD14, CD31, CD34, CD45, and CD133 were used 
for further experiments. 

Induction and identification of chondrogenic differentiation 
Chondrogenic differentiation of MSC was induced as 

previously described [18]. Briefly, the third- to fourth-passage 
MSC were transferred into 60 mm dishes or 15 mL polypropylene 
tubes at a concentration of 5 × 105 cells/mL. The cells in the 
tubes were centrifuged at 400 × g for 5 min to form a pelleted 
micromass at the bottom of the tube, then treated with a 
chondrogenic medium (Cambrex Bio Science MycoAlert; 
BMG LABTECH, USA). The chondrogenic medium consists 
of differentiation basal medium supplemented with 
dexamethasone, ascorbate, ITS+supplement, sodium pyruvate, 
proline, penicillin/streptomycin, L-glutamine and TGF-3. 
Media were changed twice weekly for 3 to 4 weeks and 
chondrogenesis was assessed at intervals of one week. 

For histological assessment of chondrogenesis, the Safranin- 
O staining for proteoglycan and immunocytochemical assay of 
collagen type-II were performed. For Safranin-O staining, the 
cells were collected and fixed in 4% paraformaldehyde and 
embedded in paraffin. Embedded blocks were sectioned into 5 
m slices. After deparaffinization, the specimens were stained 
with 0.1% aqueous Safranin-O solution for 1 min. The stained 
specimens were washed in distilled water and dehydrated, after 
which they were coverslipped for observation under light 
microscopy. 

For the immunocytochemical assay of chondrogenesis, dried 
specimens were fixed in formalin-ethanol fixative solution for 1 
min, then rinsed with dH2O. Following three washes with 
distilled water, 1% normal goat serum was applied for 1 h at 
room temperature. Polyclonal antibody to human-collagen type 
II (Millipore, USA), diluted 1 : 20 in goat serum, was reacted 
overnight at 4oC. After washing in PBS, FITC-conjugated 
anti-rabbit IgG (Santa Cruz Biotechnology, USA) was applied 
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Fig. 1. FACS analysis of immunophenotypes of human leukocyte antigen (HLA)-ABC and HLA-DR on the undifferentiated 
mesenchymal stem cells (MSC) (A and D), chondrocytes differentiated from the MSC (B and E) and allogeneic peripheral lymphocytes 
(C and F).

for 2 h.

Fluorescence-activated cell sorting (FACS) analysis 
Undifferentiated MSC in passage 3 to 5 and MSC 

differentiated along chondrogenic lineages were analyzed for 
the expression of surface-bound HLA class I and II with 
monoclonal mouse anti-human HLA-ABC and HLA-DR 
antibodies using FACS Calibur (BD Biosciences). The mouse 
monoclonal antibodies were conjugated to the FITC (BD 
Biosciences). The peripheral lymphocytes served as a positive 
control. 

Immunocytochemical staining for HLA expression
The undifferentiated and differentiated MSC cultured on 

cover slips in the dish were washed with PBS to remove 
medium, then fixed with 4% paraformaldehyde in PBS for 20 
min. Following treatment of the cells and lymphocytes with 
0.5% triton X-100 for 5 min, cells were washed three times with 
PBS and then unspecific epitopes were blocked by incubation 
with 5% goat serum in PBS for 2 h at room temperature. The 
primary antibodies against HLA class I and II were goat 
monoclonal anti-HLA-ABC or anti-HLA-DR antibodies 

(Santa Cruz Biotechnology). The secondary antibodies against 
HLA class I and II were FITC-conjugated goat anti-mouse IgG 
(Santa Cruz Biotechnology). Specimens were incubated with 
primary antibody at 4oC overnight. After washing in PBS, 
specimens were incubated with secondary antibody for 2 h at 
room temperature. Nuclei were then counterstained with 4′, 
6-diamidino-2-phenylindol (1 : 2,500; Sigma, USA) for 10 min. 

Mixed lymphocyte culture and apoptosis assay
Allogeneic peripheral blood was collected from healthy 

adults. After dilution of the blood with D-PBS solution, 
peripheral blood lymphocytes were prepared by Ficoll-Paque 
density gradient centrifugation and suspended in RPMI-1640 
medium (Gibco/Invitrogen, USA) supplemented with 20 
mmol/L HEPES, 100 U/mL penicillin, 100 g/mL streptomycin, 
20 mmol/L L-glutamine and 10% FBS. For activation, 
lymphocytes were pretreated for three days by addition of 5 
g/mL concanavalin A (Con A; Sigma) in the medium.

To determine the effects of allogeneic reactivity of MSC with 
activated lymphocytes, the third-passage MSC at a density 
of 1 × 105 cells/mL and pooled allogeneic peripheral blood 
lymphocytes at a density of 1 to 5 × 105 cells/mL were used for 
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Fig. 2. Expression of human HLA-ABC on the surface of human undifferentiated (A–C) and differentiated (D–F) MSC by 
immunocytochemical stain (green color). The nuclei of the MSC were counterstained with DAPI (blue color). (A and D) DAPI stain.
(B and E) FITC stain. (C and F) Merged. 200× (A–C), 40× (D–F). Sale bars = 20 m (A–C), 100 m (D–F).

co-cultivation in RPMI-1640 medium (Gibco/Invitrogen) 
supplemented with 20 mmol/L HEPES, 100 U/mL penicillin, 
100 g/mL streptomycin, 20 mmol/L L-glutamine and 10% 
FBS under 5% CO2 at 37oC for 3 days. For negative control of 
experiments, the wells were set for the MSC only group and the 
non-Con A treated lymphocyte group. After three days, cells 
were collected and their proliferation activity and viability were 
measured.

To determine the apoptosis of the MSC and activated 
lymphocytes, cells were suspended at a concentration of 1.0 × 
105/mL to 5.0 × 105/mL in the RPMI-1640 medium. Following 
co-culture for 3 days they were collected and washed in PBS. 
The cells were stained with an FITC Annexin-V kit (BD 
Biosciences) according to the manual and their apoptosis was 
analyzed using a FACS Calibur cell analyzer (BD Biosciences).

Statistical analysis
One-way ANOVA was conducted to identify significant 

differences among groups using SPSS Statistics 21 (IBM, 
USA). Differences were considered statistically significant at a 
p ＜ 0.05.

Results 

Expression of HLA antigens on undifferentiated and 
differentiated MSC 

Immunophenotypes of undifferentiated MSC, chondrocytes 

differentiated from the MSC and peripheral allogeneic 
lymphocytes as a positive control were determined by FACS 
analysis. Evaluation of the expression of HLA-ABC antigen 
revealed that MSC (panel A in Fig. 1) showed moderate 
expression, chondrocytes (panel B in Fig. 1) showed negative 
expression, and lymphocytes (panel C in Fig. 1) showed 
stronger expression. Evaluation of the expression of HLA-DR 
antigen revealed that MSC (panel D in Fig. 1) and chondrocytes 
(panel E in Fig. 1) showed negative expression, but 
lymphocytes (panel F in Fig. 1) showed moderate expression. 

When the immunophenotypes of undifferentiated and 
differentiated MSC were determined by immunocytochemistry, 
the undifferentiated MSC (panels A-C in Fig. 2) showed 
moderate expression of HLA-ABC antigen compared to 
chondrocytes (panels D-F in Fig. 2). Evaluation of the 
expression of HLA-DR antigen revealed negative expression 
by MSC (panels A-C in Fig. 3) and chondrocytes (panels D-F in 
Fig. 3). 

Effect of allogeneic reactivity on proliferation of MSC with 
activated peripheral lymphocytes 

To determine if the proliferation of MSC was affected by 
allogeneic lymphocytes, MSC were co-cultured with Con 
A-activated allogeneic lymphocytes at a ratio of 1 : 1 to 1 : 5 in 
vitro for three days. As shown in Fig. 4, the proliferation rate of 
MSC at a ratio of 1 : 1 to 1 : 5 was increased to 134.6 ± 18.9% 
and 120.0 ± 23.2% relative to the control (104.0 ± 5.1%), 
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Fig. 3. Expression of human HLA-DR on the surface of human undifferentiated (A–C) and differentiated (D–F) MSC by 
immunocytochemical stain (green color). The nuclei of the MSC were counterstained with DAPI (blue color). The HLA-DR antigen was
negatively expressed on the differentiated and undifferentiated MSC. (A and D) DAPI stain. (B and E) FITC stain. (C and F) Merged. 
200× (A–F). Scale bars = 20 m. 

Fig. 4. Proliferation of UCB-derived MSC when co-cultured with
or without allogeneic lymphocytes at a ratio of 1 : 0 and 1 : 5 in
vitro (n = 5). The MSC and Con A-activated lymphocytes were 
co-cultured in RPMI-1640 medium with 10% FBS, L-glutamine 
and antibiotics in a CO2 incubator at 37oC for 3 days. There was
no significant (p = 0.05) difference between groups. Allogeneic
lymphocytes were pre-activated with 5 g/mL of Con A for 3 
days. 

respectively. The MSC did not show any significant interference 
with proliferation by the allogeneic Con A-activated 
lymphocytes (Fig. 4), and apoptosis analysis by flow cytometry 
did not show any induction of apoptosis in MSC by allogeneic 
lymphocytes (Fig. 5). 

Growth inhibitory effect of MSC on proliferation of 
allogeneic lymphocytes 

To determine if MSC could affect the proliferation of 
allogeneic lymphocytes, MSC were co-cultured with Con A 
activated allogeneic lymphocytes at ratios of 1 : 1 to 1 : 5 in vitro 
for three days. As shown in Fig. 6, at a MSC/lymphocyte ratio 
of 1 : 1 and 1 : 5, the proliferation ratio of activated lymphocytes 
(47.20 ± 4.21% and 35.60 ± 5.80) was not significantly (p ＞ 
0.05) decreased relative to the lymphocytes only group (52.20 ± 
7.88).

Effect of MSC on apoptosis of allogeneic lymphocytes
We found that MSC from umbilical cord blood could 

significantly affect apoptosis of allogeneic lymphocytes 
through co-culture of the two cell types for 3 days (Fig. 5). 
During the in vitro culture of Con A-stimulated allogeneic 
lymphocytes alone, 6.86% showed early apoptosis. When 
lymphocytes were co-cultured with MSC at ratios of 1 : 1 and 1 
: 5, the percentage of early apoptotic lymphocytes increased to 
21.82% and 19.45%, respectively, whereas apoptosis of MSC 

was not induced. These results suggest that the early apoptosis 
of activation-induced lymphocytes appeared to be enhanced by 
the effect of UCB-derived MSC.
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Fig. 5. Effect of MSC on apoptosis of allogeneic lymphocytes following co-culture at ratios of 1 : 1 and 1 : 5 for 3 days. The test was
conducted by Annexin-V and PI double staining and analyzed by flow cytometry. Apoptosis of MSC gated on size (A–C) and apoptosis 
of lymphocytes gated on size (D–F) were analyzed following MSC and activated lymphocytes were cultured alone (A and D) or 
cocultured at a ratio of 1 : 1 (B and E) and 1 : 5 (C and F). 

Discussion 

MSC are known to be capable of renewing themselves and to 
undergo multilineage differentiation into tissues of all three 
germ layers. In addition to these beneficial characteristics, 
MSC are known to have immunomodulation capacity. In recent 
years, MSC have been used in various preclinical and clinical 
studies, including investigations of their use for attenuation of 
graft-versus-host disease [33], osteogenesis imperfecta [12], 
intracoronary transplantation in patients with acute myocardial 
infarction [4], and support of haematopoiesis [20].

MSC can be isolated from umbilical cord blood, fetal tissues 
and placenta in new born babies, and from adult tissues of bone 
marrow, fat, liver, lung and spleen. Among these, cord blood 
may be an ideal source because of its accessibility, lack of risk 
to the mother or infant and ethical barriers, as well as the fact 
that it is a painless procedure to donors, promising source for 
autologous cell therapy and has a lower risk of viral 
contamination [7,34].

In this experiment, the morphology of hUCB-derived 
mesenchymal progenitor cells showed spindle-shaped 
fibroblastoid appearance and plastic-adherence. Moreover, 
UCB-derived MSC positively expressing the MSC-specific 
surface markers of CD29, CD44, CD90 and CD105 were used 
successfully [18].

Moreover, we confirmed whether these cells have MSC 
specific characters and if they can differentiate into 
chondrocytes during in vitro development under appropriate 
culture conditions. Our results showed that culture of human 
MSCs in chondrogenic differentiation medium led to the 
expression of type II collagen, one of the chondrocyte specific 
markers. Furthermore, chondrocytes were stained positively 
with Safranin-O dye and immunofluorescence stain of type II 
collagen protein.

Immunophenotypes of undifferentiated and differentiated 
MSC were determined by flow cytometric analysis and 
immunocyometric staining. Evaluation of the HLA-ABC 
antigen revealed moderate expression for undifferentiated 
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Fig. 6. Proliferation of allogeneic lymphocytes when co-cultured
with UCB-derived MSC at ratios of 0 : 1, 1 : 1 and 1 : 5 in vitro
(n = 5). The Con A-activated allogeneic lymphocytes were 
cultured with or without MSC at ratios of 0 : 1, 1 : 1 and 1 : 5 in 
a RPMI-1640 medium with 10% FBS, L-glutamine and 
antibiotics in a CO2 incubator at 37oC for 3 days. There was no 
significant (p ＞ 0.05) inhibition of the proliferation of 
lymphocytes when they were co-cultured with MSC. 

MSC, but MSC that had differentiated to chondrocytes showed 
negligible expression. Upon evaluation of HLA-DR antigen, 
undifferentiated and differentiated MSC showed negative 
expression, but lymphocytes showed higher expression after 
Con A activation (Fig. 1). 

Le Blanc et al. [22] and Klyushenenkova et al. [17] 
demonstrated that undifferentiated MSC derived from adult 
bone marrow expressed intermediate levels of HLA class I 
antigen on the surface by flow cytometry, but negligibly low 
levels of class II antigen were expressed on the surface, even 
though HLA class II antigen could be demonstrated 
intracellularly by Western blot analysis of whole-cell lysates. 
MSC from umbilical cord blood [27,40] and adipose tissues 
[37] were also found to express an intermediate level of 
HLA-ABC and major histocompatibility complex (MHC) class 
I molecules, with negligible levels of HLA-DR. 

Previous studies have shown that MSC from other tissues; 
namely, bone marrow [1,21,38], adipose tissue [31] and fetal 
lung [9], also inhibit lymphocyte proliferation and inflammatory 
cytokine production. Yen et al. [42] demonstrated that human 
embryonic stem cell-derived mesenchymal progenitor cells 
also possessed strong immunosuppresive properties toward 
lymphocytes. In particular, it was suggested that UCB-derived 
MSC had the characteristics of low immunogenicity and 
suppression of alloreactive T cell responses [27,40]. 

While the immunosuppressive properties of MSC have been 
extensively investigated, the mechanism of suppression 
remains to be clarified for further clinical applications. In this 
experiment, the UCB-derived MSC suppressed the alloreactive 

proliferation of lymphocytes at a ratio of 1 : 1 to 1 : 5. These 
results were expected since several studies had suggested that 
the bone marrow- and adipose tissue-derived MSCs not only 
suppressed alloreactive T lymphocytes, but also greatly 
reduced the proliferation of lymphocytes activated by the potent 
T-lymphocyte mitogens PHA, Con A or SpA [22,31,43]. While 
UCB-derived MSC were cultured with activated lymphocytes, 
their proliferation was not significantly affected by allogeneic 
lymphocytes at ratios up to 1 : 5. 

Previous studies have suggested that MSC derived from bone 
marrow could inhibit T-cell proliferation by inducing apoptosis 
of activated T cells [8,11,29]. Interestingly, apoptosis of 
lymphocytes was induced in a co-culture system with 
UCB-derived MSC. However, MSC themselves showed no 
apoptosis in the co-culture system. Although the described 
mechanisms of MSC-mediated T cell suppression are rather 
complex, a number of secreted factors have been implicated, 
including transforming growth factor-, hepatocyte growth 
factor, prostaglandin E2, FasL, interleukin 10, indoleamine 2,3 
dioxygenase, interferon-, and agalectins [8,10,14,29,32,36]. 

We were able to not only confirm the results of these studies, 
but also demonstrate that the UCB-derived MSC exhibit 
immunomodulatory effects and induction of apoptosis on 
mitogen-activated allogeneic lymphocytes. Thus, the UCB- 
derived MSC could serve as a potential alternative source of 
MSC for allogeneic transplantation in the future. Further 
investigations of appropriate in vivo models are required to 
evaluate the clinical relevance of MSC-mediated lymphocyte 
suppression.

This study was conducted to investigate the immunological 
properties of MSC derived from umbilical cord blood to assess 
their potential usefulness in allogeneic transplantation and 
cellular therapies. We examined the expression of class I and II 
HLA in undifferentiated and differentiated MSC. Furthermore, 
the effects of immunologic reactivity of UCB-derived MSC 
with allogeneic lymphocytes on proliferation and induction of 
apoptosis were tested in vitro.

Immunophenotypes of undifferentiated MSC, chondrocytes 
differentiated from the MSC and peripheral allogeneic 
lymphocytes for positive control were determined by flow 
cytometric analysis. Flow cytometric analysis and 
immunocytochemical staining for HLA-ABC antigen revealed 
that the undifferentiated MSC showed moderate expression, 
MSC differentiated to chondrocytes showed negative 
expression, and lymphocytes showed stronger expression. 
Upon expression of HLA-DR antigen, the undifferentiated 
MSC and MSC differentiated to chondrocytes showed negative 
expression, but lymphocytes showed stronger expression in 
both analyses. 

When MSC were co-cultured with ConA-activated allogeneic 
lymphocytes at ratios of 1 : 1 to 1 : 5 in vitro for three days, the 
proliferation of the MSC themselves was not affected by Con 
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A-activated lymphocytes at ratios up to 1 : 5, and the growth 
inhibitory effect of MSC on proliferation of allogeneic 
lymphocytes was not significant. Apoptosis tests revealed that 
UCB-derived MSC could significantly enhance the apoptosis 
of Con A-activated allogeneic lymphocytes, thus inhibiting the 
proliferation of allogeneic lymphocytes by inducing apoptosis. 

These results demonstrate that MSC derived from UCB, as 
well as other tissues, could also suppress the allogeneic 
response of lymphocytes and serve as a useful source for cell 
therapies and allogeneic stem cell transplantation between 
HLA-incompatible recipients. However, further investigations 
are warranted to determine the mechanism of immunomodulation 
activity and develop appropriate in vivo models to determine 
their full clinical applicability.
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