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Abstract. Different sources of mesenchymal stem cells 
(MSCs) may differ in their biological characteristics, which 
are important for their clinical application. In the present 
study, MSCs were isolated from human exfoliated deciduous 
teeth (SHED), bone marrow, gingival tissue and umbilical 
cord tissue, and their biological characteristics including 
surface markers, proliferation capacity, tumorigenicity and 
immunogenicity were analyzed by flow cytometric analysis, 
ELISA and co-culture with human lymphocytes, respectively. 
The results indicated that all four types of stem cells obtained 
from different sources expressed MSC surface markers, and 
they did not show tumorigenicity either in vivo or in vitro. 
Stem cells from SHED exhibited the strongest proliferation 
capacity. Umbilical cord-derived MSCs displayed the strongest 

immunomodulatory ability, while bone marrow MSCs 
exhibited the best antigen-presenting potential in response to 
interferon-γ stimulation. These results provide information on 
MSCs derived from different tissues, which may be helpful in 
their clinical application.

Introduction

Mesenchymal stem cells (MSCs) are derived from the early 
developmental mesoderm, and they are characterized as 
undifferentiated cells. They are considered to play important 
roles in development, postnatal growth, repair, regeneration, 
and homeostasis. These cells have attracted much interest 
regarding their possible clinical applications because of 
their self-renewing capacity and multi-lineage differentiation 
potential (1). MSCs can be used as ideal seed cells for the 
repair of injury to tissue and organs. In addition, these cells 
may also have immunomodulatory benefits in the treatment 
of autoimmune diseases and systemic diseases (2-4). Several 
investigations have shown the efficacy of MSCs in regenera-
tive medicine both in vitro and in vivo (5-7). Although MSCs 
have been obtained from bone marrow, umbilical cord, and 
various odontogenic tissues, differences in their biological 
characteristics have not been fully clarified.

MSCs obtained from human bone marrow (BMSCs) have 
been intensively studied since their discovery. They have 
been demonstrated to have strong self-renewal capacity and 
can differentiate into a variety of tissue cells in a specific 
environment. They have been used widely in animal experi-
mental models and clinical therapies for hematological system 
diseases, cardiovascular diseases, nervous system diseases, 
and osteogenesis-related disorders (8-12).

Stem cells from human exfoliated deciduous teeth (SHED) 
have been isolated from naturally exfoliated deciduous teeth 
with the capacity to differentiate into osteogenic and odonto-
genic cells, adipocytes, and neural cells. SHEDs are derived 
from a very accessible tissue resource and are capable of 
providing enough cells for potential clinical application via 
their high proliferation rate and expression of telomerase (13).

Umbilical cord-derived mesenchymal stem cells 
(UCMSCs) collected from umbilical cord tissues of healthy 
full-term babies have excellent proliferation potential and 
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are free of ethical issues (14). UCMSCs have morphological, 
phenotypic, and multilineage differentiation potential similar 
to that of BMSCs; they are able to differentiate into functional 
hepatocyte-like cells in vitro, but their immunogenicity 
remains low (15).

Human gingival tissue from the oral cavity can often 
be easily obtained as a discarded biological sample without 
any morbidity or scar formation. Gingiva-derived mesen-
chymal stem cells (GMSCs) can be easily isolated from the 
gingival tissue, can be expanded easily in vitro, and possess 
multipotent differentiation potential and anti‑inflammatory 
properties (16,17). GMSCs are capable of regenerating bone 
defects, and they may be potentially useful in the reconstruction 
and regeneration of bone defects (18).

Besides their function in tissue reconstruction and 
regeneration, the low immunogenicity and immunoregulatory 
potential of MSCs are advantageous for their clinical 
application. It has been reported that BMSCs do not express 
major histocompatibility complex (MHC) class II molecules 
or costimulatory molecules required for T-cell activation, 
which are responsible for transplant rejection (19-21). 
UCMSCs can maintain low immunogenicity when they 
differentiate into other tissue cells (15); SHEDs show superior 
immunomodulatory effects compared to BMSCs (22), and 
GMSCs have reproducible and powerful immunomodulatory 
functions (23).

MSCs can be used for the treatment of many diseases 
associated with defective tissue regeneration and immune 
regulation. However, it is difficult to decide which type of 
stem cell should be used in clinical treatment according to the 
safety and immunogenicity of the cells. Therefore, we need 
to understand the biological characteristics of MSCs from 
different sources and the differences in their tumorigenicity 
and immunogenicity. BMSCs from alveolar bone and GMSCs 
can be obtained from discarded tissues during dental surgery, 
and obtaining the samples is less invasive to the donors. SHEDs 
and UCMSCs are obtained from discarded medical tissues, 
and are easy to obtain, non-invasive to donors, and plentiful. In 
this study, we compared the cell proliferation ability, tumori-
genicity, and immunogenicity of BMSCs, SHEDs, UCMSCs, 
and GMSCs. The results provide information that is helpful for 
the clinical application of these cells.

Materials and methods

Isolation and culture of human MSCs. SHEDs, GMSCs, and 
UCMSCs were donated by the Oral Stem Cell Bank of Beijing, 
Tason Biotech Co., Ltd. (Beijing, China), each stem cell derived 
from three different individuals. Alveolar bone marrow 
samples were obtained from the mandibular bone of healthy 
patients (from 1 male and 2 female donors, aged 30, 28, and 
20 years) after obtaining written informed consent. Sample 
collection was approved by the Institutional Review Board 
of Peking University School and Hospital of Stomatology 
(Beijing, China; no. PKUSSIRB-201734036). BMSCs were 
isolated from mandibular alveolar bone marrow. Cultures of 
all four types of MSCs were maintained in α‑modified Eagle's 
minimum essential medium (α-MEM; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS; Biological Industries, Madison, 

WI, USA) in 5% CO2 at 37˚C. The cells were used in experi-
ments after three to five passages, and for each experiment, all 
MSCs had the same passage number.

Biological characteristics of MSCs. Cells in the logarithmic 
growth phase were detached with 0.1% trypsin/0.1% EDTA to 
produce a single-cell suspension. The cells were labeled with 
rabbit antihuman nestin (Merck KGaA, Darmstadt, Germany), 
vimentin, NANOG, and CD90 antibodies, mouse antihuman 
CD105 (all Abcam, Cambridge, MA, USA) and CD34 (BD 
Pharmingen, San Diego, CA, USA) antibodies, and goat anti-
human cytokeratin19 (CK19; Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) antibody, respectively, and approximately 
1x106 cells were used for the detection of each molecule. Alexa 
Fluor 488-conjugated antirabbit, antimouse, and antigoat IgGs 
were used as the secondary antibodies. The labeled cells were 
thoroughly washed by centrifugation 3 times, resuspended in 
PBS solution, and flow cytometry (Cytomics Flow Cytometer 
EPICS XL; Beckman Coulter, Fullerton, CA, USA) was used 
to detect the fluorescence intensity and positive rate.

The self-renewal capacity of the MSCs was evaluated by 
colony‑forming efficiency assays. 1x102 cells at passage 3 were 
seeded in 6‑well plates at 37˚C with 5% CO2 for 14 days. Then 
the cells were stained with 0.5% crystal violet (Sigma-Aldrich; 
Merck KGaA) for 5 min at room temperature. Stained colonies 
with >50 cells were counted. Colony‑forming efficiency was 
calculated as colony-forming unit numbers.

MSCs were induced by osteogenic, adipogenic, and chon-
drogenic differentiation kits (Biowit Technologies; Shenzhen, 
China) according to the manufacturer's protocol. 2x105 cells at 
passage 3 were seeded in 24‑well plates at 37˚C with 5% CO2. 
When the cells became 70‑80% confluent, the medium was 
replaced by differentiation induction medium for 2-3 weeks. 
The cells were analyzed for osteogenesis, adipogenesis, and 
chondrogenesis by Alizarin Red staining, Oil Red O staining, 
and Alcian Blue staining.

Analysis of cell proliferation capacity. MSCs were seeded into 
96-well plates at a density of 3x103 cells/well and then cultured 
for 7 days. Cell counting kit-8 (CCK-8; Dojindo, Kumamoto, 
Kyushu, Japan) solution was added to each well of the plate and 
the absorbance was measured at 450 nm every 24 h according 
to the manufacturer's protocol.

Tumorigenicity assay. To evaluate tumorigenicity in vitro, 
anchorage-independent growth was assessed with soft agar 
colony formation assay using a 6-well plate. The base agar 
layer was prepared from a 0.6% soft agar solution containing 
α-MEM with 10% FBS. Then, 1x104 cells were suspended 
in α-MEM containing 10% FBS and 0.35% agar solution 
and plated onto the base layer. HeLa cells were used as posi-
tive control. Plates were incubated at 37˚C with 5% CO2 for 
21 days, after which colony formation was observed under a 
microscope.

The animal study was approved by the Animal Ethics 
Committee of China-Japan Friendship Hospital (Beijing, 
China; no. 170103). To examine tumorigenicity in vivo, 
8-week-old Nu/Nu male mice were purchased from Beijing 
Vital River Laboratory Animal Technology Company [quality 
certificate: SCXK (Beijing) 2012-0001]. All animals were 
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housed in the specific pathogen‑free (SPF) facility [quality 
certificate: SYXK (Beijing) 2010-0011] in the Institute of 
Clinical Medical Sciences of China-Japan Friendship Hospital, 
and rats were maintained on a 12-h light:12-h dark cycle with 
free access to rodent chow and water. Mice were randomly 
divided into four groups of six mice each. All four types of 
MSCs were suspended in α-MEM medium at a density of 
2x106 cells/100 µl, respectively. In each group, six nude mice 
were anesthetized via 2% isoflurane inhalation, and 2x106 
MSCs were subcutaneously inoculated into the backs of each 
mouse. The grafts were observed for 6 months; twice daily for 
clinical signs in the mouse and twice weekly for the presence 
of a tumor. Tumor volume was calculated according to the 
following formula: V (mm3)=(width2 x length)/2.

At passage 4 of all four types of MSCs, karyotypes were 
analyzed respectively. 0.4 µg/ml colchicine (Gibco; Thermo 
Fisher Scientific, Inc.) was added to 1x106 cells for 4 h. After 
centrifugation, hypotonic treatment, and then fixed. The 
substrate was dripped onto a glass slide, dried at 80˚C for 
2 h, then digested with 0.5% trypsin for 10 sec, stained with 
10% Giemsa, and observed and analyzed under a microscope. 

Chromosome analysis was carried out by applying a scatter 
plot of the natural distribution and G-bands according to 
the guidelines of the International System for Chromosome 
Nomenclature (ISCN).

Immunogenicity assay
Mix lymphocyte proliferation assay. Human peripheral blood 
mononuclear cells (PBMCs) were isolated from healthy donors 
[sample collection was approved by the Institutional Review 
Board of Peking University School and Hospital of Stomatology 
(PKUSSIRB-201311108) and written informed consent were 
obtained from all the donors] using human peripheral blood 
lymphocyte separation solution (Tianjin HaoYang Biological 
Manufacture Co., Ltd., Tianjin, China) and density gradient 
centrifugation. Cells were cultured in RPMI-1640 medium 
supplemented with 10% FBS, 2 mM glutamine (Gibco; 
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin, and 
100 µg/ml streptomycin (North China Pharmaceutical Limited 
by Share Ltd., Shijiazhuang, China) at 37˚C with 5% CO2. The 
PBMCs were depleted of adherent cells overnight and further 
cultured in PBMC medium. The experimental cells were 

Figure 1. (A) Surface marker expression of MSCs. (B) All four types of MSCs 
were positive for vimentin, nestin, NANOG, CD105 and CD90, and were 
negative for CD34 and CK19. Results represent the mean ± standard devia-
tion of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001, as 
indicated. MSCs, mesenchymal stem cells; CD, cluster of differentiation; 
SHEDs, stem cells from human exfoliated deciduous teeth; UCMSCs, 
umbilical cord-derived mesenchymal stem cells; GMSCs, gingiva-derived 
mesenchymal stem cells; BMSCs, bone marrow mesenchymal stem cells; 
CK19, cytokeratin19; NS, not significant.
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divided into the following 6 groups: Control group: 1x106/well 
PBMCs were cultured in a 24-well plate in normal medium 
as described above; positive control group: 10 µg/ml PHA 
(Sigma-Aldrich; Merck KGaA) with 1x106 PBMCs; and stem 
cell group: Each group of the four types of MSCs, 2x105/well, 
were co-cultured with 1x106 PBMCs, and the MSCs were 
treated with 25 µg/ml mitomycin C (Sigma-Aldrich; Merck 
KGaA) at 37˚C for 30 min before seeding into wells. Each 
group was co-cultured for 72 h, the PBMCs were harvested 
and placed in 96-well plates, and CCK-8 was used to measure 
proliferation.

Detection of HLA‑I, HLA‑DR, CD80, and CD86. All four 
types of MSCs were detected by flow cytometry using fluores-
cein-isothiocyanate-conjugated or phycoerythrin-conjugated 
antibodies specific for HLA-I, HLA-DR (both Abcam), 
CD80, and CD86 (both R&D Systems, Minneapolis, MN, 
USA) as previously described. To enhance the expression of 
immune related surface molecules, MSCs were pretreated 
with 100 U/ml IFN-γ (interferon‑γ; Peprotech, Rocky Hill, 
NJ, USA) for 72 h as previously described (24), and then the 
IFN-γ-treated MSCs (MSCs+IFN-γ) were detected by flow 
cytometry using monoclonal antibodies specific for HLA‑I, 
HLA-DR, CD80, and CD86.

Statistical analysis. The analysis was conducted with 
SPSS 19.0 software (IBM Corp., Armonk, NY, USA), and the 
data are expressed as the mean ± standard deviation. Statistical 
comparisons between two groups were performed by the t-test, 
and a one-way analysis of variance followed by Tukey's test 
were used for comparisons among multiple groups. P<0.05 was 

considered to indicate a statistically significant difference. All 
experiments were repeated at least three times as previously 
described (24,25).

Results

Biological characteristics of MSCs. Cell surface marker 
analysis by flow cytometry showed that all four types 
of MSCs positively expressed MSC markers, including 
vimentin, CD90, and CD105, and they also positively 
expressed nestin and NANOG, but they showed no expres-
sion of hematopoietic stem cell marker CD34 and epithelial 
cell marker CK19 (Fig. 1).

Colony‑forming efficiency assays were used to examine 
the self-renewal capacity of MSCs. All four MSCs at passage 
3 seeded in 6-well plates at 1x102 cells/well for 14 days can 
form colonies. GMSCs exhibited highest self-renewal capacity, 
UCMSC displayed the lowest colony formation units, between 
SHED and BMSC there were no significant differences in 
colony‑forming efficiency (Fig. 2).

To investigate the differentiation potential of the MSCs, 
cells were induced to osteogenic, adipogenic, and chondro-
genic differentiation. Osteogenic differentiation was observed 
with Alizarin Red staining, and calcium deposition was seen 
in all four MSCs. Adipogenic differentiation was verified by 
Oil Red O staining, and the accumulation of cytoplasmic lipid 
vacuoles was distinctly observed. Chondrogenic differentiation 
was verified by Alcian Blue staining and was demonstrated 
in all tested cells (Fig. 3). The results indicated successful 
differentiation of MSCs into osteogenic, adipogenic, and 
chondrogenic lineages.

Figure 2. Colony‑forming efficiency assay of MSCs. Colony formation was observed in all four MSCs cultured for 14 days. Colony‑forming efficiency was 
different among the four MSCs. Results represent the mean ± standard deviation of three independent experiments. **P<0.01, as indicated. NS, not significant; 
MSCs, mesenchymal stem cells; SHEDs, stem cells from human exfoliated deciduous teeth; UCMSCs, umbilical cord-derived mesenchymal stem cells; 
GMSCs, gingiva-derived mesenchymal stem cells; BMSCs, bone marrow mesenchymal stem cells.
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Proliferation capacity of MSCs. Cell proliferation was 
monitored over a period of 7 days post-seeding (Fig. 4). The 
proportion of all MSCs increased markedly from the third day 
of proliferation, and we found that SHED showed enhanced 
proliferation capacity compared to the other MSCs. On the 
fifth day, except for between the SHED and GMSC groups, 
and the GMSC and UCMSC groups, there were significant 
differences among the other groups (P<0.05). On the seventh 
day, except for between the GMSC and UCMSC groups, 
there were significant differences among the other groups 
(P<0.05).

Tumorigenicity of MSCs. To compare colony formation of the 
four types of MSCs in vitro, we performed soft agar colony 

assays using 1x104 cells/well in a 6-well plate, and HeLa 
cells were used as a positive control. After being cultured 
for 21 days, none of the four MSC groups formed colonies, 
but the HeLa cell group formed a large number of colonies 
(Fig. 5A). HeLa cells, but not the four types of MSCs, showed 
anchorage-independent cell growth in soft agar. MSCs 
showed a notably lower ability to form colonies than HeLa 
cells in vitro. Subcutaneous inoculation of MSCs into nude 
mice showed that none of the four types of MSCs caused any 
clinical signs during the 6-month experimental period, and 
there was no tumor formation in any mice at the injection 
area and around that area, but abnormal masses at injection 
areas were found in the HeLa cell group (Fig. 5B). In the HeLa 
cell group, 2 weeks after subcutaneous inoculation abnormal 
masses at injection areas can be seen. Continuous observation 
for 2 months, the maximum tumor size was 1,884 mm3, no 
multiple tumors were observed.

There were no significant structural chromosomal abnor-
malities/aberrations in the karyotypes of any diploid cells, 
indicating that the karyotypes were stable.

Immunogenicity of MSCs. To investigate whether allogeneic 
human MSCs can stimulate the proliferation of PBMCs, 
PBMCs were co-cultured with MSCs that were pretreated with 
mitomycin C. As shown in Fig. 6A, after a mixed co-culture 
for 3 days, phytohemagglutinin (PHA) induced a very strong 
proliferative response in allogeneic lymphocytes (P<0.01), 
but none of the allogeneic MSCs elicited any proliferative 
response compared to the control group; MSCs inhibited the 
proliferation of lymphocytes, and all MSC groups showed 
a significant difference from the control group (P<0.01). 
Comparing the four types of MSCs, the BMSC and UCMSC 
groups (P<0.05) and the GMSC and UCMSC groups (P<0.05) 
showed a significant difference, but there was no significant 
difference between the other MSC groups.

Figure 4. Comparison of proliferation ability in MSCs. Cell Counting kit-8 
assay revealed that the relative OD values for SHEDs were significantly 
higher than those for the other three types of MSCs at 5 and 7 days after 
seeding. Results represent the mean ± standard deviation of five independent 
experiments. *P<0.05 vs. BMSC; #P<0.05 vs. UCMSC; $P<0.05 vs. GMSC. 
OD, optical density; SHEDs, stem cells from human exfoliated deciduous 
teeth; UCMSCs, umbilical cord-derived mesenchymal stem cells; GMSCs, 
gingiva-derived mesenchymal stem cells; BMSCs, bone marrow mesen-
chymal stem cells.

Figure 3. Osteogenic, adipogenic and chondrogenic differentiation of MSCs. MSCs were induced to differentiate toward osteogenic, adipogenic and chondro-
genic lineages as verified by Alizarin Red, Oil Red O and Alcian Blue staining, respectively (osteogenic and chondrogenic differentiation: scale bar, 100 µm; 
adipogenic differentiation: scale bar, 50 µm). MSCs, mesenchymal stem cells; SHEDs, stem cells from human exfoliated deciduous teeth; UCMSCs, umbilical 
cord-derived mesenchymal stem cells; GMSCs, gingiva-derived mesenchymal stem cells; BMSCs, bone marrow mesenchymal stem cells.
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The results of flow cytometry revealed that all four types of 
MSCs expressed HLA-I, but they did not express HLA-DR or 
the costimulatory molecules CD80 and CD86. After treatment 
with IFN-γ for 72 h, the expressions of HLA-I, CD80, and 
CD86 showed no obvious change in the MSCs, but the expres-
sion of HLA-DR was significantly upregulated in BMSCs 
only (Fig. 6B-I).

Discussion

MSCs have been widely used in vivo and in vitro because 
of their strong self-renewal, proliferation, multilineage 
differentiation, and immunomodulatory abilities. MSCs from 
different sources may differ in their biological characteristics. 
Understanding the differences in biological characteristics of 
MSCs from different sources can guide the selection of more 
suitable cell sources in clinical applications given different 
treatment requirements and is helpful for selecting safer and 
more efficient seed cells in clinical treatment and scientific 
research. In this study, we investigated the differences 
in biological characteristics, including surface markers, 
colony-forming efficiency, multi-potent differentiation, 
proliferation capacity, tumorigenicity, and immunogenicity 
among these human MSCs from different origins, and we 
advanced our understanding of the advantages of each cell.

It has been found that MSCs have similar phenotypes, 
and the expression of MSC markers associated with stress or 
aging remains unchanged (26). All four types of MSCs in this 
study positively expressed MSC surface markers, including 
vimentin, CD105, and CD90, and they did not express the 

hematopoietic stem cell marker CD34 or the epithelial cell 
marker CK19. Nestin and NANOG are markers of embryonic 
stem cells, and they play an important role in the maintenance 
of pluripotency and self-renewal (27). All four types of MSCs 
positively expressed nestin and NANOG, which indicates that 
the four types of MSCs maintained pluripotency and have 
good self-renewal ability.

Self-renewal and multi-potent differentiation are two 
important properties of MSCs. All four types of MSCs in this 
study had good colony‑forming efficiency and could be induced 
to differentiate into osteogenic, adipogenic, and chondrogenic 
lineages. It has been suggested that the MSC cell type should be 
selected depending on the regenerative treatment regimen (28). 
In addition, the proliferation capacity of stem cells is also an 
important factor in stem cell therapies. SHEDs and UCMSCs 
have shown a higher proliferation capacity in comparison with 
BMSCs in previous studies (13,26). Our study showed that the 
strongest proliferative ability was found in SHEDs, followed 
by GMSCs and UCMSCs, and the lowest proliferative ability 
was found in BMSCs; these results are consistent with previous 
studies by other groups. SHEDs are derived from the dental pulp 
tissue of deciduous teeth, an immature tissue. The proliferative 
capacity of SHEDs is relatively strong since they are in an active 
state and show high telomerase activity when deciduous teeth 
are replaced by permanent teeth (22).

As UCMSCs are separated from the fetal umbilical cord, 
a degenerative tissue, they exhibit less proliferative capacity 
than SHEDs. GMSCs have a higher proliferative capacity than 
BMSCs, and this may be related to their active state and fast 
oral metabolism.

Figure 5. Tumorigenicity of MSCs. (A) Soft agar colony assay for MSCs and HeLa cells. Representative images of colonies in the soft agar assay for 
BMSCs, GMSCs, SHEDs, UCMSCs and HeLa cells. A large number of colonies were observed in the HeLa group, but no colonies were identified in the 
MSC groups (scale bar, 200 µm). (B) BMSCs, UCMSCs, GMSCs, SHEDs and HeLa cells were transplanted into nude mice. Following 2 months, tumors 
were identified in the injection areas of the group transplanted with HeLa cells, but at 6 months, no tumors were observed in the other groups transplanted 
with stem cells. (C) Karyotype analysis of SHEDs, BMSCs, GMSCs and UCMSCs. The upper panel shows G-bands and the lower panel shows natural 
distribution. No karyotype abnormalities were identified for any cells. SHEDs, stem cells from human exfoliated deciduous teeth; UCMSCs, umbilical 
cord-derived mesenchymal stem cells; GMSCs, gingiva-derived mesenchymal stem cells; BMSCs, bone marrow mesenchymal stem cells.
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Figure 6. Immunogenicity characterization of MSCs. (A) The proliferation capacity of peripheral blood mononuclear cells following mixed co-culture for 
3 days. Cell Counting kit‑8 assay revealed that the relative OD values for the four types of MSCs were significantly lower than those in the control and 
PHA groups. When comparing the four types of MSCs, the OD value for UCMSCs was lower than that of BMSCs and GMSCs. Results represent the 
mean ± standard deviation of five independent experiments. (B and C) All MSCs exhibited high expression of HLA‑I prior to or following IFN‑γ treatment. 
(D and E) All MSCs had a lower expression of HLA-DR prior to IFN-γ treatment, but following IFN-γ treatment, the expression of HLA‑DR was significantly 
upregulated. (F and G) The expression of CD80 was very low prior to and following stimulation with IFN-γ. (H and I) The expression of CD86 was very 
low prior to and following stimulation with IFN-γ. Results represent the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 and 
***P<0.001, as indicated. NS, not significant; MSCs, mesenchymal stem cells; OD, optical density; PHA, phytohemagglutinin; SHEDs, stem cells from human 
exfoliated deciduous teeth; UCMSCs, umbilical cord-derived mesenchymal stem cells; GMSCs, gingiva-derived mesenchymal stem cells; BMSCs, bone 
marrow mesenchymal stem cells; HLA, human leukocyte antigen; -DR, antigen D related; IFN-γ, interferon-γ; CD, cluster of differentiation.
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The evaluation of bio-safety is important for clinical thera-
pies utilizing MSCs, including external safety and intrinsic 
safety tests. The external safety tests include pathogen detec-
tion, mycoplasma detection, the asepsis test, and the endotoxin 
test, while intrinsic safety tests include acute and chronic 
toxicities, tumorigenicity, immunogenicity, and chromosome 
aberrations.

In this study, stem cells at passages 3 to 5 were used for 
experiments; these cells are relatively young, and their perfor-
mance is relatively stable. Cell clones were not formed in vitro 
under soft agar culture in any of the four types of MSCs. After 
in vivo transplantation into nude mice, the stem cells did not 
form any abnormal tumor tissues for up to 6 months, and 
karyotype analysis showed that no karyotypic abnormality 
was found in any of the four types of MSCs, thus indicating 
the safety of all four. These results are consistent with those 
obtained by other groups (26,29).

MSCs have been demonstrated to have some immuno-
modulatory functions in vitro, such as direct suppression of 
allogeneic and mitogenic T-cell proliferation (30). BMSCs 
have been implicated as a potentially feasible treatment 
approach for several diseases, such as graft-versus-host 
disease (31) and autoimmune diseases (32). Due to their 
immunomodulatory properties, SHEDs are an accessible 
and feasible MSC source for treating immune disorders like 
systemic lupus erythematosus (22). The wide usefulness 
of MSCs can be attributed to their low immunogenicity 
and immunomodulatory functions. When MSCs were 
co-cultured with PBMCs under cell-cell contact condi-
tions, none of the allogeneic MSCs elicited a proliferative 
response in PBMCs, indicating that the four types of MSCs 
displayed low immunogenicity. This result is consistent with 
the notion that the cell-cell contact mechanism may partly 
contribute to MSC-mediated suppression of PBMC prolifera-
tion (16,25,33). UCMSCs are isolated from fetal tissue, and 
as they are more primitive than adult stem cells, they showed 
higher immunomodulatory ability, but the immunomodula-
tory ability of BMSCs and GMSCs showed no significant 
difference in this study. This result is not completely consis-
tent with previous studies (16,26).

To further understand the mechanism of low immunoge-
nicity of the four types of MSCs, we analyzed the expression 
of HLA and costimulatory molecules (CD80 and CD86). 
It is well known that T-lymphocyte activation requires two 
signals, the T-cell receptors with antigenic peptides presented 
by HLA-DR molecules and the costimulatory molecules 
CD80 and CD86 (34). HLA-I is expressed on all nucleated 
cell surfaces, which are mainly responsible for the presenta-
tion of endogenous antigens, whereas HLA-DR is expressed 
only on the surface of antigen-presenting cells, which are 
mainly responsible for the presentation of exogenous antigens. 
However, recent studies have found that BMSCs also express 
HLA-DR, and its expression level is affected by individual 
differences and the cell microenvironment (35). All four 
types of MSCs expressed a high level of HLA-I, but HLA-DR 
expression was very low under resting conditions. However, 
the expression of HLA-DR was upregulated in the four types 
of MSCs, especially in BMSCs, after stimulation with IFN-γ, 
suggesting that BMSCs exhibited the best antigen-presenting 
potential. Also, the expression of costimulatory molecules 

CD80 and CD86 in all four types of MSCs was low either 
under resting conditions or under stimulation with IFN-γ.

In conclusion, the populations of MSCs derived from 
different sources exhibited variability in their prolifera-
tive capacity and immunomodulatory ability, although they 
displayed similar phenotypes. Based on these results, in which 
SHEDs and GMSCs showed a higher proliferation capacity, 
we conclude that SHEDs and GMSCs are perhaps suited 
for tissue regeneration-related cellular therapies. UCMSCs 
showed higher immunomodulatory ability, so they are better 
suited for cellular therapy for some immune-related diseases. 
BMSCs can more easily induce immune reactions than 
the other three MSCs in the host after cell transplantation. 
These data will provide helpful information for the clinical 
application of MSCs.
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