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Background and Objectives: Stem cells from human exfoliated deciduous teeth (SHED) are a promising clinical re-
source for various tissue defects, including lumbar spondylosis, neural compression, and cleft palate. Use of media 
containing animal-derived serum carries potential risk of infectious diseases and unwanted immunogenicity. To increase 
the potential utility of SHED for clinical application, SHED was adapted to xeno-free conditions.
Methods: Define xeno-free culture media were compared with the conventional serum containing media in the culture 
of SHED. Cultured SHED in different media were further characterized through proliferative capacities, cellular pheno-
type, and differentiation potential.
Results: Selected xeno-free media were capable of supporting the growth of SHED. MSCGM-CD Bulletkit medium 
greatly increased the number and proliferate capacity of colony-forming unit-fibroblast than SHED cultured in other 
media. In addition, the characteristic surface markers expression and multipotent differentiation potential of SHED 
in the MSCGM-CD Bulletkit medium were comparable to those observed with serum-containing medium.
Conclusions: The xeno-free medium described herein has the potential to be further used for the safe expansion and 
to determine efficient way to produce clinical grade dental stem cells for therapeutic applications.
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Introduction 

  The discovery of the mesenchymal stem cells (MSCs) 
present in the pulp of human exfoliated deciduous teeth 
(SHED) (1) has been an exciting finding in the field of re-
generative medicine, which has a significant value in im-

proving the life of patients suffering from various diseases. 
SHED is self-renewable and also has the ability to develop 
into many types of body tissues as compared to other stem 
cells. They can provide alternative treatment options in re-
generative medicine since they can be used for not only to 
dental tissue regeneration, but also to facilitate repair of 
non-dental tissues, such as bone and nerves (2, 3). SHED 
have higher proliferation rates, and form sphere-like clus-
ters and differentiate into osteoblasts. These cells have 
been reported to repair calvarial defects in mice due to 
their ability to differentiate into osteoblasts. SHED se-
cretes neurotrophic factor for the repair of motor neurons 
following dental injury and, therefore, it was proposed 
that SHED could be useful in the treatment of neuro-
degenerative diseases (4). Moreover, SHED is ethically 
noncontroversial, noninvasive, less dependent on timing, 
and far less expensive. 
  Salutary application of MSCs requires for a wide range 
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of human conditions demands in order to reach appro-
priate cell numbers that can achieve therapeutic outcomes. 
Thus, identification of optimal culture conditions is a pre-
requisite for MSC clinical applications (5, 6). Addition of 
fetal bovine serum (FBS) to culture media provides the 
cells with vital nutrients, attachment factors, and growth 
factors. However, utilization of animal derived products 
bears critical limitations and safety concerns (7), such as 
animal derived (xeno) antigens and infectious agents pres-
ent in FBS that can lead to a risk of infusion reactions 
and transmission of zoonotic diseases to the recipient of 
MSCs therapy (8). 
  To avoid undesirable complications, alternative animal 
product-free media formulations have been evaluated. In 
this study, we compared the phenotype, growth potential, 
and characteristics of MSCs derived from the pulp of hu-
man exfoliated deciduous teeth on available media- 
MSCGM-CD Bulletkit, MSC Growth Medium DXF, and 
Xuri MSC Medium Serum-free/Xeno-free with media sup-
plemented with FBS.

Meterials and Methods

Ethics statement 
  The study was approved by the Ethical Committee on 
Human Rights Relate to Human Experimentation of 
Faculty of Dentistry, Mahidol University (IRB 2014/ 
041.2110). Human exfoliated deciduous teeth were col-
lected from children (6 8 years of age) at the Faculty of 
Dentistry, Mahidol University. Teeth with previous re-
storations, history of trauma, and/or signs of pulpal path-
ology, were excluded from this study. 

Isolation and cell culture of SHED
  Fragments of dental pulp tissues were extracted and 
submerged in culture medium using 25 mm2 culture flasks. 
The culture media consisted of Dulbecco’s modified 
Eagle’s medium (DMEM) with high glucose (Hyclone, 
Logan, UT, USA), 10% fetal bovine serum (FBS; Biochrom 
GmbH, Berlin, Germany), and 1% penicillin/streptomycin 
(Gibco, Rockville, MD, USA). The dental pulp stem cells 
were obtained using the outgrowth methods and incubat-
ing condition of 37oC in a humidified atmosphere contain-
ing 5% CO2. The medium was changed every 2 days and 
the cell cultures were monitored regularly with an in-
verted phase-contrast microscope. Upon reaching 80% 
confluence, cells were harvested using 0.05% Trypsin/ 
EDTA (Gibco) and sub-cultured for further experiments. 
For each assay, the stem cells of three different donors 
were used.

Human SHED expansion
  The culture media with FBS supplement or xeno-free 
media, MSC Growth Medium DXF (DXF; PromoCell, 
Heidelberg, Germany), MSCGM-CD Bulletkit (MSCGM-CD, 
Lonza, Allendale, NJ, USA), and Xuri MSC Medium 
Serum-free/Xeno-free (Xuri, GE Healthcare Life Sciences, 
Glattbrugg, Switzerland), were used to support the ex-
pansion of human SHED. After cells harvesting with 
Trypsin/EDTA, the cell pellets were resuspended in a 
30:70 ratio of xeno-free medium:culture medium with FBS 
and maintained on human plasma fibronectin (5 g/cm2; 
Merck Millipore, Ontario, Canada)-coated T-75 cell cul-
ture flask. Subsequently, cells were gradually allowed to 
adapt to xeno-free media, using an increasing proportion 
of xeno-free medium (with ratios of xeno-free medium to 
culture medium with FBS at 50:50 and 70:30) up to 100% 
during the first week of culture. Throughout the duration 
of the cultures, individual culture flasks remained sepa-
rate and were propagated individually.

Cell proliferation
  The SHED was seeded into 96-well plates at 2,000 
cells/well in culture medium with FBS or xeno-free media 
(DXF, MSCGM-CD and Xuri). After 1, 4, 6, 8, and 12 days 
in culture, cells were stained with sulforhodamine B (SRB; 
Sigma St. Louis, MO, USA). The amount of dye extracted 
from stained cells was directly proportional to the number 
of cells for the measurement of cell proliferation. 

Colony-Forming Unit-Fibroblast (CFU-F) assay
  The SHED expanded in culture to 80 90% confluency 
were harvested with Trypsin/EDTA and counted using a 
haemocytometer. Harvested cells were reseeded in tripli-
cates into a 6-well plate at 500 cells/well (in culture me-
dium with FBS or xeno-free media). After 14 days, cul-
tures were washed with PBS (Biochrom GmbH, Berlin, 
Germany) and stained with 0.1% toluidine blue O 
(Scharlab S.L., Barcelona, Spain) in paraformaldehyde 
(Sigma) for 15 minutes at room temperature (RT). The 
cells were washed with distilled water and the colony mor-
phology was inspected under a light microscope. Colonies 
larger than 2 mm in diameter were enumerated using 
ImageProPlus 7.0 program (Media Cybernetics, Rockville, 
MD, USA). 

Immunophenotypic characterization of SHED
  For the cell surface antigen analysis, SHED were har-
vested, washed in cold PBS supplemented with 0.5% 
Bovine Serum Albumin (BSA, Sigma), and aliquots of 
5×105 cells were labeled (for 30 min in the dark at 4oC) 
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Fig. 1. Isolation and morphological 
observation of stem cells from pulp 
tissue of human deciduous teeth. (A) 
Outgrowth of stem cells (arrow head) 
from dental pulp tissue of human ex-
foliated deciduous teeth. (B) Phase- 
contrast images showing a fibro-
blast-like morphology of the in vitro 
growth SHEDs. Magni cation: 40×.
SHED, stem cell from human ex-
foliated deciduous teeth.

with monoclonal antibodies specific for human markers 
associated with mesenchymal and hematopoietic lineages. 
Namely, mouse anti-human antibodies against the follow-
ing antigens were used: CD34 (FITC conjugated), CD44 
(FITC conjugated), CD73 (APC conjugated), and CD105 
(PE conjugated) (all purchased from BioLegend, San 
Diego, CA, USA). To determine the level of nonspecific 
binding, fluorochrome conjugated isotype control anti-
bodies were used. Flow cytometry was performed using a 
FACSCanto flow cytometer (BD Biosciences, San Jose, 
CA, USA).

Osteogenic differentiation 
  SHED was expanded in culture medium with FBS or 
xeno-free medium and seeded into commercial osteogenic 
differentiation medium (HyCloneTM AdvanceSTEMTM 
Osteogenic Differentiation Kit, Hyclone) in 6-well plates. 
During differentiation, medium was completely changed 
every 3 to 4 days. After 28 days, calcium depositions were 
demonstrated in the extracellular matrix by staining with 
40 mM Alizarin Red S solution (Sigma), pH 4.1, for 20 
min at RT, followed by rinsing three times with deionized 
water. The differentiated cells were observed using an in-
verted microscope and images were taken. 

Chondrogenic differentiation
  SHED was transferred into medium consisted of 
D-MEM, 10% FBS, 10 ng/ml TGF- 1 (sigma), 100 nmol/L 
dexamethasone (sigma), 6.25 g/ml insulin (sigma), 110 
mg/L sodium pyruvate (sigma) and 1% penicillin/strep-
tomycin in 24-well plates to induce chondrocyte differenti-
ation. The medium was changed 3 times per week. After 
21 days, proteoglycans were examined by staining with 
Alcian blue (Sigma), pH 2.5, for 20 min at RT, followed 
by three washes in tap water to remove unspeci c binding 
of the dye. The differentiated cells were observed using 
an inverted microscope and images were taken.

Spiral ganglion neurons differentiation
  SHED were seeded onto poly-L-ornithine (Sigma) and 
laminin (Sigma) coated 24-well plates. The cells were cul-
tured for 14 days in spiral ganglion neurons induction me-
dium consisting of DMEM/F12, 20 ng/ml neurotrophins 
brain-derived neurotrophic factor (BDNF), 20 ng/ml neu-
rotrophin-3 (NT-3), 20 ng/ml glial cell-derived neuro-
trophic factor (GDNF) (all from Sigma), supplemented 
with 2% N-2 (Gibco), 2% B-27 supplement, 100 U/ml 
Penicillin, and 100 m/ml Streptomycin. The medium 
was changed every other day. The differentiated cells were 
stained with -tubulin III (Tuj1; BioLegend, San Diego, 
CA, USA) and Tropomyosin receptor kinase B (TrkB; 
Santa Cruz Biotechnology, Inc, Dallas, TX, USA). Nuclei 
were counterstained with 20 g/ml 4’,6-diamidino-2-phe-
nylindole (DAPI; Sigma). 

Statistical analysis
  All experiments in this study were performed at least 
3 times. The data shown are representative results. Values 
were calculated as the means and standard deviations. 
Statistical tests were analyzed by one-way ANOVA of var-
iance using SPSS software (Version 10.0; SPSS, Chicago, 
IL, USA). The values at p 0.05 were deemed significant.

Results

Effects of xeno-free culture conditions on the 
morphology and proliferation capacity of SHED
  To test the ability of xeno-free medium (MSC Growth 
Medium DXF, MSCGM-CD Bulletkit and Xuri MSC 
Medium Serum-free/Xeno-free) to support the growth of 
human SHED, first the morphology of three SHED lines 
(SHED #1, #2, and #3) cultured in xeno-free medium 
was examined. SHED was extracted from the dental pulp 
of exfoliated deciduous teeth using outgrowth method. 
After 7 14 days, spindle shaped cells were seen migrating 
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Fig. 2. Morphology of SHED during the adaptation to xeno-free 
medium. (A) SHED cultured with FBS-containing medium. (B) The 
representative photomicrographs showing the morphology of SHED
cultured in xeno-free media. (C) Representative graphs of cell pro-
liferation in four different conditions. Scale bar=10 m. SHED, 
stem cell from human exfoliated deciduous teeth, FBS, fetal bovine
serum, DXF, MSC Growth Medium DXF, MSCGM-CD, MSCGM-CD
Bulletkit, Xuri, Xuri MSC Medium Serum-free/Xeno-free.

Fig. 3. Colony-forming unit-fibroblast assay of xeno-free expanded 
SHED. (A) Representative images of the colonies stained by tolui-
dine blue after 14 days of cultured in four different conditions. (B)
The total number of colonies counted within each condition. SHED,
stem cell from human exfoliated deciduous teeth.

from pulp tissue into the flask (Fig. 1A) and reached 80
90% confluence by 25 days in culture medium with 10% 
FBS (Fig. 1B). At passages 3 4, cells were adapted to the 
xeno-free conditions by gradually increasing the concen-
tration of xeno-free medium and decreasing the concen-
tration of the SHED culture medium with FBS every sec-
ond day during the adaptation phase. The morphology of 
cells growing in MSCGM-CD medium was similar as 
those cultured under serum containing medium (Figs. 2A, 
B). The growth of all SHED lines showed elongated spin-
dle shaped morphology. SHED morphological changes 

were observed to begin during the adaptation process with 
ratios of DXF or Xuri medium to culture medium with 
FBS at 70:30 (Fig. 2B). The cells expanded in DXF me-
dium also displayed a fibroblast like morphology but had 
short elongated bipolar length, cells grown in Xuri ex-
hibited polygonal shape with elongated bipolar or multi-
polar morphology (Fig. 2B). 
  To further determine the proliferation rate of SHED 
grown in xeno-free medium as compared to serum-con-
taining medium, the cells were seeded with the same cell 
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Table 1. Surface marker expression characteristics of SHED in presence of different culture media

Medium Markers 
Surface marker expression (%)

SHED #1 SHED #2 SHED #3 Mean±SD

FBS CD34 0.4 0.1 0.6 0.4±0.25 
CD44 94.3 92.8 91.8 93.0±1.26
CD73 95.3 92.2 91.3 93.0±2.10
CD146 51.7 57.4 52.1 53.7±3.18

DXF CD34 0.2 0.1 0.1 0.13±0.06
CD44 30.9 28.6 30.3 29.9±1.19
CD73 61.6 62 63 62.2±0.72
CD146 33.7 30.1 30.2 31.3±2.05

MSCGM-CD CD34 0.3 0.2 0.3 0.27±0.06
CD44 84.3 85.4 87.1 85.6±1.41
CD73 84.7 82.0 81.5 82.7±1.72
CD146 51.4 52.6 51.3 51.8±0.72

Xuri CD34 0.2 0.3 0.2 0.2±0.06
CD44 6.9 6.4 7.4 6.9±0.50
CD73 9.5 8.3 9.0 8.9±0.60
CD146 0.9 1.8 1.5 1.4±0.46

seeding density and then collected at several time points 
(Day 1, 4, 6, 8, and 12). SHED in all media had similar 
trend to the growth curve (Fig. 2C). The proliferation 
analysis showed that at Day 4 the cultures with DXF me-
dium clearly exhibited higher proliferation rates of SHED 
as compared to other media (Fig. 2C). Subsequently, 
SHED continued to proliferate at a highest rate in DXF 
medium at Day 6, 8, and 12. The analysis verified that 
serum-containing medium was superior to Xuri and 
MSCGM-CD system, respectively in supporting the growth 
of SHED (Fig. 2C).

Effects of xeno-free culture conditions on colony- 
forming unit-fibroblast (CFU-F) assay of SHED 
  Historically, CFU-F assay has been used as a correlative 
assay to determine the quality of cell preparations. To test 
the potential of SHED expanded in xeno-free medium, 
three SHED lines (SHED #1, #2, and #3) were seeded 
at 500 cells/well of 6-wells plate and further cultured for 
14 days (Fig. 3). All counted colonies were larger than 2 mm 
in diameter. All SHED lines expanded in DXF medium, 
but SHED #1 and SHED #2 did not play any important 
role in colony formation (Fig. 3A). The average number 
of SHED #3 colonies (from 3 wells of 6-well plate) in 
DXF was 16±0.58 (Fig. 3B). MSCGM-CD medium led to 
higher average colony numbers (37±1.09) than that of oth-
er xeno-free medium and FBS-containing medium of all 
SHED lines (Fig. 3B). The average number of the SHED 
colonies in Xuri medium (25±0.97) decreased as com-
pared to the FBS-containing medium (33±1.12) (Fig. 3B). 

These data suggested that SHED exhibited maximum col-
ony formation when cultured in MSCGM-CD medium. 

Effects of xeno-free culture conditions on the immune 
phenotype of SHED 
  To further test the phenotype of SHED expanded in 
xeno-free medium, cell-surface antigens were analyzed by 
flow cytometry (Table 1). The results were consistent in 
all examined SHED lines and with repeated experiments. 
Three SHED lines were negative for the expression of the 
hematopoietic markers CD34 ( 0.4%) in all media and 
positive for the expression of the MSCs markers CD44, 
CD73, and CD146 in MSCGM-CD, DXF, and FBS-con-
taining media. In all SHED lines in xeno-free media, the 
expression level of CD44, CD73, and CD146 reduced as 
compared to FBS-containing medium (Table 1). The 
SHED expanded in MSCGM-CD medium displayed high-
er levels of the three MSCs markers as compared with 
SHED expanded in DXF medium. The immunophenotype 
CD44 (6.9±0.50%) and CD73 (8.9±0.60%) exhibited very 
low expression, and CD146 ( 1.8%) was absent in Xuri 
medium. Therefore, xeno-free medium used for sub-
sequent experiment was MSCGM-CD medium. 

Effects of xeno-free culture conditions on the 
multipotent differentiation capacity of SHED 
  Initially, to demonstrate the osteogenic differentiation 
of SHED expanded in MSCGM-CD xeno-free medium, 
the cells were induced in commercial osteogenic differ-
entiation medium, which were analyzed with alizarin-red 
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Fig. 4. Multipotent differentiation ability of SHED cultured in 
MSCGM-CD or FBS-containing medium. (A) Phase contrast images 
of SHED derived osteoblast-like cells, as shown by calcified nodules
formation which appeared during alizarin red staining. (B) Alcian 
blue staining showed proteoglycans in chondrocyte cultures differ-
entiated from SHED grown in both media. (C) After induction with
spiral ganglion neurons induction medium for 14 days. The ex-
pression of the mature neuronal marker Tuj1 (green) and spiral gan-
glion neurons markers TrkB (red) is shown. Cell nuclei were coun-
terstained with DAPI (blue). Magni cation: A, 40×; B, 100×; C, 
Scale bar=20 m. SHED, stem cell from human exfoliated decid-
uous teeth, Tuj1, -tubulin III, TrkB, tropomyosin receptor kinase 
B, DAPI, 4’,6-diamidino-2-phenylindole.

staining at Day 7, 14, 21, and 28. As shown in Fig. 4A, 
all 3 SHED lines grown in MSCGM-CD retained the abil-
ity to differentiate into osteoblast, as shown by calcified 
nodules formation which appeared during alizarin red 
staining. SHED changed the morphology from spindle 
shape, but there were no alizarin red stained cells on Day 
7 of differentiation in both growing xeno-free and se-
rum-containing media. At 14 days, similar observations 
were noted that cells started to form calcified nodules and 
were positively stained for alizarin-red on the MSCGM-CD 
and serum-containing media. However, the size and num-
ber of the nodules from MSCGM-CD was smaller than 
those from serum-free medium (Fig. 4A). Subsequently, 
from Day 21 until Day 28, there were increased numbers 
of positively stained nodules. At Day 21, the amount of 
alizarin red-stained cells of MSCGM-CD were still lower 
than the serum-containing medium. However, the staining 
was positive in 100% of alizarin red from SHED which 
expanded in both media on Day 28 (Fig. 4A). 
  To demonstrate chondrogenesis, the SHED were placed 
into chondrogenic medium for 21 days. All SHED lines 
expanded in both MSCGM-CD xeno-free and serum-con-
taining media had the capacity to differentiate into chon-
drocytes (Fig. 4B). The differentiated cells changed their 
appearance from fibroblast-like into cobblestone-like cells. 
Moreover, the cells on the MSCGM-CD medium showed 
cartilage-specific proteoglycan and were positive for 
Alcian blue staining, similar observations on serum-con-
taining media (Fig. 4B). 
  Fourteen days after transfer into spiral ganglion neu-
rons induction medium, the morphology of SHED grown 
in both MSCGM-CD xeno-free and serum-containing me-
dia changed from elongated to extension of the cell body 
into neuron-like processes and a spherical soma (Fig. 4C). 
The SHED on both media types expressed mature neuro-
nal marker Tuj1 and specific protein marker of spiral gan-
glion neurons TrkB. All cell nuclei were positive for DAPI 
(Fig. 4C).
  The above data showed that SHED lines cultured in 
MSCGM-CD xeno-free medium still maintained their 
multilineage potential.

Discussion

  Stem cells from the dental pulp of deciduous teeth has 
opened a new window for harvesting young stem cells and 
has offered a very promising therapeutic approach in re-
generative medicine (1, 4, 9). In order to achieve the pro-
duction of safe and clinical grade SHED in sufficient 
quantities, all animal-derived materials that pose a poten-
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tial risk for infection transmitted by animal pathogens 
must be eliminated. Although FBS supplemented media 
have been added for fulfillment of growth factors, there 
is a risk of transmission of zoonotic diseases along with 
immunological allergic reactions (10). Hence, xeno-free 
system for isolation and expansion of cells has been in-
troduced (11-13).
  There are only a few optimal non-animal origin media 
for supporting MSCs from pulp of human exfoliated de-
ciduous teeth growth (14-16). In this study, three xeno-free 
media, MSC Growth Medium DXF, MSCGM-CD Bulletkit, 
and Xuri MSC Medium Serum-free/Xeno-free were selected 
to investigate cell expansion potential, character proper-
ties, and multilineage differentiation of SHED in compar-
ison with FBS containing media. SHED can be cultured 
robustly in MSCGM-CD Bulletkit system while maintain-
ing their stem cell characters. In addition, SHED main-
tain their osteogenic, chondrogenic and neurogenic differ-
ention potential, which were comparable with SHED cul-
tured in FBS-supplemented medium. Cells from pulp of 
human permanent teeth (hDPCs) culture under MSCGM- 
CD condition can be reprogrammed to generate induced 
pluripotnet stem (iPS) cells which show similar pluripotent 
gene expression patterns comparing to those observe with 
FBS (17). The MSCs Growth Medium DXF and Xuri MSC 
Medium Serum-free/Xeno-free were also able to grow 
SHED but the morphology was changed due to adaptative 
process to the test media. There was variation in growth 
rates of cells cultured in 3 different xeno-free media. All 
three donor-derived SHED lines had the highest growth 
rate in DXF medium. Human adipose-derived stem cells 
were successfully grown in DXF medium (18). Human 
marrow MStroC has been cultured in Xuri medium with 
a redution in growth rate comparable to that in FBS-sup-
plemented medium (19). It is suggested that each type of 
MSCs had similar requirments for nutrients, including 
growth factors and adhesion molecules. 
  SHED cultured under MSCGM-CD condition showed 
higher colony counts than other medium types, including 
serum-containing medium. However, hDPCs in MSCGM-CD 
exhibited significantly less primary colony formation than 
medium with FBS (17). Similar to MStroC cells (19), 
SHED colony forming ability in Xuri medium was lower 
than that observed with conventional FBS containing me-
dium in all SHED lines. DXF medium could support the 
growth of all three donor-derived SHED lines but two of 
those lines failed to form CFU-F. One SHED line was less 
in CFU-F than that shown in FBS medium. For human 
bone marrow MSC propagation, it was reported that the 
plating MSC density could affect the proliferation and 

stemness preservation (20). It might be suggested that 
seeding densities is a fundamental parameter for SHED 
expansion. However, the exact reason for this difference 
in the growth pattern is unknown, but it could be that 
each donor or type of MSCs had its own optimum require-
ment for growth factors. Human bone marrow MSCs ex-
panded in medium supplemented with recombinant hu-
man basic fibroblast growth factor (bFGF), platelet-derived 
growth factor-BB (PDGF-BB), and transforming growth 
factor (TGF)- 1 showed extensive growth with retained 
phenotypic, differentiation, and CFU potential (21). 
PDGF-BB and bFGF have positive effects on proliferation 
in individual cells. However, TGF- 1 appeared to provide 
no enhancement of cell growth on its own. The combina-
tion of any two growth factors could provide minimal or 
no significant enhancement of cell proliferation compared 
with single factors, and the combination of all three fac-
tors could provide a conspicuous synergistic effect (22). 
  A population of multipotent human MSCs must possess 
a specific cell-surface antigen expression profile (23). 
SHED in DXF or MSCGM-CD medium displayed positive 
expression of CD44, CD73, and CD146 and negative ex-
pression of CD34 (hematopoietic marker). Evaluation of 
different xeno-free culture media for all three do-
nor-derived SHED lines revealed that those based on 
MSCGM-CD Bulletkit system was more suitable for ex-
pansion and little devoid of any alteration in immune 
phenotypes. CD44 is widely expressed in many types of 
human tissues, including osteoblasts and bone (24). 
Moreover, CD73 generated adenosine positively regulated 
osteoblast differentiation (25) and the deletion of CD73 
in mice decreased osteoblast differentiation (26). Therefore, 
MSCGM-CD medium was able to maintain their multi-
lineage differentiation capacity, especially into osteoblastic 
lineage of all three SHED lines.

Conclusion

  The study concluded that SHED in MSCGM-CD 
Bulletkit culture system maintained the essential proper-
ties, such as spindle-shaped fibroblast morphology, surface 
MSCs markers, and multilineage differentiaiton potential. 
Future studies should focus on validation of these system 
to demonstrate long-term culture, multipotency, and ge-
netic stability both in vtro and in vivo. 
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