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positive mesenchymal stem cells
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ABSTRACT
Introduction: Human mesenchymal stem cells (MSCs) are the most popular stem cells applied in
disease treatment. MSCs can be isolated and in vitro expanded from various sources such as bone
marrow, peripheral blood, umbilical cord blood, umbilical cord tissue, and adipose tissue. Accord-
ing toDominici et al. (2006), MSCs should express CD105, an essentialmarker used to confirmMSCs.
However, some recent studies have show that MSCs contained a subpopulation that is negative for
CD105. This study aimed to compare the immune modulation capacity of 2 populations of CD105
positive (CD105+) and negative (CD105−) MSCs derived from 2 sources: human adipose tissue
(AT) and human umbilical cord (UC). Methods: MSCs were isolated from human adipose tissues
(adipose tissue-derived mesenchymal stem cells – AT-MSCs) and human umbilical cord (umbilical
cord-derived mesenchymal stem cells – UC-MSCs) according to previously published protocols.
The two populations of CD105− and CD105+ MSCs were sorted based on the expression of CD105
from AT-MSCs and UC-MSCs. Four populations of CD105− AT-MSCs, CD105+ AT-MSCs, CD105−UC-
MSCs, and CD105+ UC-MSCswere used to compare the phenotype as well as in vitro differentiation
potential; then they were used to evaluate the immune modulation capacity by allogeneic T cell
suppression and cytokine release. Results: The results showed that CD105− MSCs from AT and
UC exhibited an immune modulation capacity that was much stronger than CD105+MSCs from
the same source of AT and UC. The strong immunomodulation of CD105− MSCs may relate to au-
tocrine production of TGF-beta 1 by MSCs. Conclusion: The results suggested that CD105− MSCs
are promising MSCs for application in regenerative medicine, especially for the treatment of dis-
eases related to inflammation.
Key words: Adipose derived stem cells, Mesenchymal stem cells, Stem cell therapy, CD105
expression, Immune modulation, Umbilical cord derived mesenchymal stem cells

INTRODUCTION
Mesenchymal stem cells (MSCs) were used in the
clinic to treat various diseases1–3. Although the
mechanisms of MSCs in the different therapies may
differ, there are three main mechanisms of MSCs
which have been elucidated. The first mechanism
relates to the homing and differentiation of MSCs
at injured sites to help to promote healing and re-
generation at those injury sites. The second mech-
anism relates to the production and secretion of cy-
tokines, i.e., growth factors from MSCs that affect
other cells in a paracrinemanner. The lastmechanism
is immune modulation (immunomodulation), which
refers to the ability of MSCs to modulate the immune
system via direct interactions with immune cells or
via indirect effects mediated by cytokines produced
by MSCs4,5. Of these mechanisms, the mechanism
relating to immunomodulation has been a central fo-
cus, leading to the wide use of some approved MSC-

based products for graft versus host disease (GVHD)
and knee osteoarthritis.
Various studies have introduced MSC manufacturing
with GMP compliance in the production of MSC for
clinical applications. However, MSCs consist of a het-
erogeneous cell population, which is the reason why
they cannot be confirmed by a unique marker. The
expression of CD105 in MSCs is considered as one
of the essential markers for MSC confirmation, ac-
cording to Dominici et al. (2016)6. However, vari-
ous studies have show that the expression of CD105
is so variable between different culture conditions.
Some recent studies have suggested that the expres-
sion of CD105 is related to the differentiation po-
tential. For example, CD105+ adipose tissue-derived
MSCs (AT-MSCs) were shown to be more prone to
differentiate into chondrocytes compared to CD105−

AT-MSCs7,8, while CD105− AT-MSCsweremore os-
teogenic9,10. CD105+ MSCs were also shown to be
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more efficient in the infarcted heart11, with stronger
proliferation and colony formation ability compared
with CD105− MSCs12. However, some other studies
have suggested contrary results. For example, Cleary
et al. (2016) showed that the expression of CD105 did
not relate to chondrogenesis potential 13. The authors
also showed that there was no significant difference
in chondrogenesis potential between CD105+ MSCs
and CD105−MSCs.
The first report about the difference of immune
modulation between CD105− and CD105+MSCs in
murine AT-MSCs was published by Anderson et al.
(2013)14. In this study, the authors showed that
CD105− MSCs were prone to suppress the prolifer-
ation of CD4+T cells more efficiently than CD105+

MSCs14. In the study herein, we aimed to evaluate
the differences in the in vitro differentiation capaci-
ties into osteoblasts and adipocytes and to compare
the immune modulation capacities of CD105−MSCs
versus D105+ MSCs derived from human adipose tis-
sue and human umbilical cord.

MATERIALS-METHODS
Isolation of MSCs from adipose tissues
Adipose-derived stem cells (ADSCs),or adipose de-
rived mesenchymal stem cells (AT-MSCs), were iso-
lated following the published protocol15. Briefly,
adipose tissues were digested by collagenase us-
ing the Cell Extraction kit (Regenemedlab, Ho Chi
Minh City, Viet Nam). The stromal vascular frac-
tions (SVFs) were then resuspended into ADSCCult
medium (Regenmedlab Co. Ltd, HCMC, VN). These
cells were then sub-cultured to the 5th passage and
used for experiments. The adipose tissues were col-
lected from donors with consent forms and all manip-
ulations were approved by institutional ethical com-
mittee (Van Hanh General Hospital, HCMC, Viet
Nam).

Isolation of MSCs from umbilical cord tis-
sues
Umbilical cord-derivedmesenchymal stem cells (UC-
MSCs) were collected and expanded from umbilical
cord tissue . The umbilical cord tissues were collected
with consent form. All manipulations were approved
by institutional ethical committee (Van Hanh Gen-
eral Hospital, HCMC, Viet Nam). They were placed
in saline with antibiotics and transferred to the lab-
oratory. In the laboratory, the umbilical cord vein
and artery were removed before the cord was cut into
small pieces (1-2 mm2). These fragments were placed
into a flaskwithMSCCultmedium (RegenmedlabCo.

Ltd, HCMC,VN) for seven days. The stem cells would
migrate out to the tissues and adhere to the flask sur-
face. After subculturing 3-5 times, these stem cell can-
didates were verified for MSC phenotype, and then
the two cell populations (CD105− andCD105+) were
isolated.

Characterization of MSCs derived from adi-
pose tissue and umbilical cord

Immunophenotyping by flow cytometry

Cell markers were analyzed following a previously
published protocol15. Briefly, cells were washed twice
in PBS containing 1% bovine serum albumin (Sigma-
Aldrich, St. Louis, MO, USA). The cells were then
stainedwith anti-CD14-FITC, anti-CD34-FITC, anti-
CD44-PE, anti-CD45-FITC, anti-CD73-FITC, anti-
CD90-PE, or anti-HLA-DR-FITC antibody (all anti-
bodieswere purchased fromBDBiosciences, San Jose,
CA, USA). Stained cells were analyzed by a FACSCal-
ibur flow cytometer (BD Biosciences). Isotype con-
trols were used in all analyses.

In vitro differentiation

For differentiation into adipogenic cells, MSCs were
differentiated as previously described 15. Briefly,
cells from the 5th passage were plated at a den-
sity of 1x104 cells/well in 24-well plates. When
cells reached 70% confluency, they were cultured
for 21 days in DMEM/F12 containing 0.5 mmol/L
3-isobutyl-1-methyl-xanthine, 1 nmol/L dexametha-
sone, 0.1 mmol/L indomethacin, and 10% FBS (all
reagents were purchased from Sigma-Aldrich). Adi-
pogenic differentiation was evaluated by observing
lipid droplets in cells; cells were stained with Oil Red
and examined under a fluorescent microscope.
For differentiation into osteogenic cells, MSCs were
plated at a density of 1x104 cells/well in 24-well
plates. At 70% confluence, cells were cultured for 21
days in DMEM/F12F12 containing 10% FBS, 10−7

mol/L dexamethasone, 50 µmol/L ascorbic acid-2
phosphate, and 10 mmol/L β -glycerol phosphate (all
reagents were purchased from Sigma-Aldrich). Os-
teogenic differentiation was confirmed by Alizarin
red staining, as visualized under a fluorescent micro-
scope.
For differentiation into chondroblasts, MSCs were
differentiated according to the guidelines of the
Chondrogenesis kit (Thermo Fisher, Waltham, MA,
USA).

3132



Biomedical Research and Therapy, 6(4):3131- 3140

Cell sorting based on CD105 expression
AT-MSCs and UC-MSCs were suspended up to 10
× 106 cells/ml in PBS solution with human albu-
min and stained with monoclonal mouse IgG1-anti-
human CD105-PE (2.5 µ l – 50 µ l/106 cells) for 30
min at 4◦C. Viability staining was performed using
7-AAD (BD Biosciences). Sorting and analysis of
cells were performed using BD FACSMelody appara-
tus (BD Biosciences).

Mixed lymphocyte reaction (MLR) and
CD38 counting
To evaluate the effects of MSCs on phytohemagglu-
tinin (PHA)-stimulated allogeneic lymphocyte prolif-
eration, freshly isolated lymphocytes (1 × 105/well)
were stimulatedwith 2.5 µg/ml PHA (Sigma-Aldrich)
and added to MSC cultures, previously seeded and
treated with Mitomycin C. Cultures of unstimu-
lated and PHA-stimulated lymphocytes seeded with-
out MSCs were used as controls. After 48 h, the su-
pernatant with lymphocytes and adherentMSCs were
collected and stained with an anti-CD38 monoclonal
antibody (BD Biosciences). The level of proliferation
was measured by evaluating the ratio of CD38+ cells.
All experiments were performed in triplicate.

ELISA for quantification of human cy-
tokines
Cell-free supernatants were collected and kept frozen
at –80◦C until assayed for cytokine concentrations
by enzyme-linked immunosorbent assay (ELISA).
ELISA kits for IL-1 beta, IFN-gamma, IL-2, PGE2,
TNF-alpha and TGF-beta 1 were used following the
supplier’s instructions (Abcam, Cambridge, UK).

Statistical analysis
The data were analyzed for statistical significance us-
ing GraphPad Prism (GraphPad Software, Inc., La
Jolla, CA,USA). Datawere presented asmean± SEM.
When applicable, a Student’s unpaired t-test and one-
way ANOVA were used to determine significance;
p<0.05 was considered to be statistically significant.

RESULTS
Adipose tissue- and umbilical cord- derived
MSCs expressed the particular characteris-
tics of MSCs
Both the adipose-derived MSCs (AT-MSCs) and um-
bilical cord-derived MSCs (UC-MSCs) adhered well
to the surface of the plastic flasks and exhibited the
particular fibroblast-like shape (Figure 1). At passage

4, the cells were analyzed for the expression of some
common markers of MSCs. The results showed that
both AT-MSCs and UC-MSCs expressed the follow-
ing common markers of MSCs: CD44 (99.67±0.58%
and 100% for AT-MSCs and UC-MSCs, respectively),
CD73 (99.67±0.58%and100% forAT-MSCs andUC-
MSCs, respectively), CD90 (100% and 99.67±0.58%
for AT-MSCs and UC-MSCs, respectively). How-
ever, both AT-MSCs and UC-MSCs were negative
(or low) for the following hematopoietic markers:
CD14 (2.00±2.00% and 3.33±1.16% for AT-MSCs
andUC-MSCs, respectively), CD45 (2.00±1.00% and
2.00±1.00% for AT-MSCs and UC-MSCs, respec-
tively), HLA-DR (2.33±1.53% and 1.68±.058% for
AT-MSCs and UC-MSCs, respectively); and CD34
(3.67±1.16%, and 2.00±1.73% forAT-MSCs andUC-
MSCs, respectively) (Figure 2).
AT-MSCs and UC-MSCs could be successfully dif-
ferentiated into osteoblasts, adipocytes, and chon-
droblasts. In the induced medium geared toward
osteoblast differentiation, both AT-MSCs and UC-
MSCs gradually changed their morphology to longer
shape, and gradually produced more matrix. After
21 days of induction, the differentiated samples were
positive with Alizarin red staining. The dyes com-
bined with calcium in the matrix and displayed the
red color.
The AT-MSCs and UC-MSCs were also successfully
differentiated into adipocytes. These cells could accu-
mulate lipid droplets (in the cytoplasm) which were
capable of being stained with Oil Red. The differenti-
ation of AT-MSCs and UC-MSCs into chondroblasts
was also recorded in vitro after inducing MSCS for 21
days in the induced medium. The overexpression and
accumulation of proteoglycans and collagen I were
evaluated in these differentiated cells (Figure 3).

CD105 negative MSCs expressed all the
main characteristics of CD105 positive
MSCs

In this assay, we evaluated some main characteristics
of CD105 negative and positive MSCs, including ex-
pression of markers, cellular shape, and in vitro differ-
entiation potential. Both CD105 negative and posi-
tiveMSC population were sorted based on the expres-
sion of CD105 on the surface of MSCs. The purity of
CD105 positive and negative cells was confirmed by
flow cytometry. The results showed that there were
96% CD105 positive cells in the CD105 positive MSC
population, and 2.1% positive cells in the CD105 neg-
ative MSCs in AT-MSCs. Moreover, there were 97%
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Figure 1: The morphology of AT-MSCs and UC-MSCs on the plastic surfaces of flask . The AT-MSCs (A) and
UC-MSCs (B) exhibited fibroblast-like shape when grown in adherent conditions. The magnification x 20.

Figure 2: AT-MSCs andUC-MSCs displayed themarker profile ofMSCs. Both AT-MSCs and UC-MSCs were neg-
ative for hematopoietic markers, such as CD14, CD34, CD45, and HLA-DR, but were strongly positive for markers
such as CD44, CD73, and CD90.

CD105 positive cells in the CD105 positiveMSC pop-
ulation, and 3.3% positive cells in the CD105 nega-
tive MSCs in UC-MSCs. They were cultured to dis-
play the differences in their shapes. However, their
shapes were not significantly different when detected
with naked eyes.
Both these MSCs populations were also evaluated for
the expression of other markers such as CD34, CD44,
CD45, CD73, CD90, and HLA-DR. The results are
represented in Figure 4. There was no significant dif-

ference in the expression of these markers between
CD105 negative and positive populations of both AT-
MSCs and UC-MSCs.
Regarding in vitro differentiation capacity of CD105
positive and negative AT-MSCs and UC-MSCs, this
was evaluated after inducing differentiation via chem-
icals. The results showed that the differentiation ef-
ficacy was similar between the CD105 negative and
positive populations from both AT-MSCs and UC-
MSCs by naked eye observations.
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Figure 3: AT-MSCs and UC-MSCs could be differentiated into osteoblast , adipoblasts, and chondroblasts.
AT-MSCs and UC-MSCs can be differentiated into osteoblasts that positive with alizarin Red staining (A, E respec-
tively), chronblasts that positive with alcian blue staining (B, F respectively); and adipocytes that positive with oil
red staining (C, G respectively).

Figure 4: The expression of typical MSC markers in CD105− and CD105+ MSCs derived from AT and UC
sources. There was not any significant difference in expression of typical markers between CD105− and CD105+

AT-ADSCs and UC-MSCs.
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The CD105 negative MSCs exhibited a
stronger immune modulation than CD105
positive MSCs
The immune modulation of CD105 negative and
positive AT-MSCs and UC-MSCs were evaluated by
mixed lymphocyte reaction (MLR) and CD38 count-
ing, and then by ELISA for quantification of human
cytokines.
The effects of both AT-MSCs and UC-MSCs on in-
hibition of T cell proliferation were observed in
both CD105− and CD105+ cell populations. Based
on CD38 cell counting, the results showed that in
the 1

4 ratio of MSC/T cell groups, CD105 negative
and positive MSCs derived from both AT and UC
sources could inhibit the growth of T cells. In the
control groups (that lacked MSCs), the CD38 pos-
itive cells significantly increased and accounted for
42.67±2.51% and 40.33±1.53 of cells in the sam-
ple for AT-MSCs and UC-MSCs groups, respec-
tively. However, this ratio was clearly reduced to
30.33±4.04% for CD105+ AT-MSCs, 20.00±5.00%
for CD105− AT-MSCs, 15.33±2.51% for CD105+

UC-MSCs, and 10.00±2.00% for CD105− UC-MSCs
(p<0.05) (Figure 5).

The supernatants of cultures (including the PHA-
stimulated lymphocytes without MSCs, and
PHA-stimulated lymphocytes mixed with MSCs)
were analyzed for concentration of cytokines includ-
ing IFN-gamma, IL-1 beta, IL-2, and TNF-alpha.
The ELISA assays showed that these cytokines
could be detected in all groups, but the highest
cytokine concentrations were recorded in the
controls (PHA-stimulated lymphocytes without
MSCs). These cytokine concentrations were reduced
in groups with MSCs. In the control , the con-
centrations of IFN-gamma, TNF-alpha, IL-1 beta,
and IL-2, respectively, were: 146.67±15.28 pg/mL,
509.67±85.91 pg/mL, 59.00±11.53 pg/mL and
40.33±10.01 pg/mL for PHA-stimulated lymphocytes
72.33±6.80 pg/mL, 253.67±14.84 pg/mL, 38.33±7.64
pg/mL and 32.00±7.21 pg/mL for CD105+ AT-
MSCs; 48.33±7.64 pg/mL, 197.00±15.40 pg/mL,
11.67±3.22 pg/ML and 17.33±2.52 pg/ML for
CD105−AT-MSCs; 48.00±8.19 pg/mL, 69.33±11.02
pg/mL, 21.50±7.86 pg/mL and 20.00±5.00 pg/mL
for CD105+ UC-MSCs; and 27.00±3.61 pg/mL,
34.33±4.04 pg/mL, 11.83±1.89 pg/mL and
10.67±2.52 pg/mL for CD105− UC-MSCs. The

results demonstrated that in the CD105− AT-MSC
and CD105− UC-MSC groups, all inflammatory
cytokines (IFN-gamma, TNF-alpha, IL-1 beta,
and IL-2) concentrations were significantly lower
than those of the CD105+ AT-MSC and CD105+

UC-MSC groups when comparing to the same kind
of MSCs (p <0.05). The concentrations of these
cytokines in the UC-MSC groups (both CD105+

cells and CD105− cells) were significantly lower than
those in the AT-MSC groups (p <0.05) (Figure 6).

The concentration of TGF-beta 1 in con-
ditioned medium was different between
CD105−and CD105+ cells
TGF-beta 1 is considered the essential factor that af-
fects the immune modulation capacity of MSCs 16.
Therefore, in this assay, the TGF-beta 1 concentra-
tion was measured to detect the cytokine produc-
tion difference between CD105−and CD105+MSCs
derived from AT and UC sources. The results
showed that at the same number of cells seeded in
the 96-well plates, the production of TGF-beta 1
by CD105−MSCs were always significantly higher
than that of CD105+ MSCs (detection of 142 pg/mL
in conditioned medium produced by CD105+ AT-
MSCs vs. 213 pg/mL in conditioned medium pro-
duced by AT-MSCs; 531 pg/mL in conditioned
mediumbyCD105+UC-MSCs vs. 862 pg/mL in con-
ditioned medium by CD105− UC-MSCs) (p<0.05).

DISCUSSION
MSC now are widely used for certain treatments, par-
ticularly for inflammatory diseases. Some products
containingMSCs have been approved by theMinistry
of Health in countries such as Canada, Korea, and
Japan for graft versus host disease and osteoarthri-
tis17,18. The main mechanism of MSCs in treating
these diseases is immune modulation. Although im-
mune modulation is an important characteristic of
MSCs, the heterogeneous population of MSCs which
carry out this function can be so widely different from
batch to batch, donor to donor, and from laboratory
to laboratory. The expression of CD105 is consid-
ered to vary hugely between culture conditions and
laboratories19,20 . Therefore, in this study, we aimed
to evaluate the immune modulation of CD105− and
CD105+cells isolated from AT and UC sources (i.e.,
termed AT-MSCs and UC-MSCs).
AT-MSCs and UC-MSCs were isolated from adipose
tissue and umbilical cord samples, respectively. Be-
fore they were used to sort two subsequent popula-
tions (CD105−andCD105+) by FACS, theywere con-
firmed for MSC phenotype based on some criteria
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Figure 5: Allogenic T cell proliferation was suppressed by both CD105 negative and CD10 5 positive MSCs.
CD105− MSCs derived from AT and UC sources suppressed T cell proliferation to a greater extent than CD105+

MSCs from AT and UC sources.

Figure 6: Evaluation of cytokines produced and released by PHA-stimulated lymphocytes mixed with or
without MSCs. MSCs markedly reduced the production of IFN-gamma, TNF-alpha, IL-1 beta and IL-2, compared
to cultures without MSCs. The results showed that CD105−MSCs strongly inhibited the production of these cy-
tokines, and to a greater extent than that of CD105+ MSCs from AT and UC sources.
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that Dominici et al. (2006) have suggested. The re-
sults showed that both AT-MSCs and UC-MSCs dis-
played the following phenotypes of MSCs: (1) adher-
ing on the plastic surface and displaying fibroblast-
like shape; (2) expressing mesenchymal markers in-
cluding CD44, CD73 and CD90 at high levels, and
CD105 at low level, while not expressing hematopoi-
etic markers such as CD14, CD34, CD45 and HLA-
DR; and (3) successfully differentiating into meso-
derm cell lineage including osteoblasts, adipocytes,
and chondroblasts. These results are similar and in
accordance with results from our studies and those of
other groups. The lower expression of CD105 may be
related to the serum-free medium culture conditions
that were also stated in the previous study. In this
study, the reason for the low expression of CD105 was
not explained; however, it was noted that the expres-
sion of CD105 onMSCs was lower in serum-free cul-
ture medium compared to the serum-containing cul-
ture medium19.
Moreover, two cell populations with different expres-
sion of CD015 were sorted with high purity and high
viability for use in subsequent experiments. The
CD105−and CD105+ cells were directly sorted into
6-well plates for in vitro differentiation, into 96-well
plates for immune modulation evaluation, and into
8 mL tubes for marker phenotyping. The results
confirmed that there was no significant difference
in expression of the following MSC markers: CD14,
CD34, CD44, CD73, CD90, and HLA-DR. The in
vitro differentiation potential was also not signifi-
cantly different in terms of osteoblast differentiation,
adipocyte differentiation, and chondroblast differen-
tiation. CD105 expression did not relate to expres-
sion of other markers of MSCs or in vitro differen-
tiation into osteoblasts, chronblasts, and adipocytes.
However, there are some studies that have suggested
that the expression of CD105 in MSCs is related to
senescence and chondrogenesis of MSCs9,21. In a
study by Cleary et al. (2016), CD105 expression was
not associated with the chondrogenic phenotype nor
chondrogenic differentiation13. The CD105+ MSCs
from synovial membrane tissues of patients with os-
teoarthritis had the chondrogenic capacity 9. How-
ever, in the study herein, we observed that the expres-
sion of CD105 did not affect the stemness or differ-
entiation of MSCs in both AT-MSCs and UC-MSCs.
Quantitative analysis of gene expression related to
the differentiation of osteoblasts, chondroblasts, and
adipocytes was not evaluated in this study.
A recent report showed that the expression of CD105
was related to repairing of infarcted hearts 11. Indeed,
the role of CD105 in development and function of the

cardiovascular system was determined, including its
role in angiogenesis22, regulation ofmigration23, and
survival of endothelial cells24.
However, we found that the expression of CD105 on
MSCs derived from both AT and UC sources did af-
fect their immune modulation capacity. The CD105−

MSCs strongly inhibited the expression of lympho-
cytes to a greater extent than CD105+ MSCs. That is
the reasonwhy the concentrations of all inflammatory
cytokines evaluated for the CD105− cells were lower
than those for the controls (lymphocytes showed
strong proliferation under the effects of PHA).
The effects of CD105 expression on MSCs may de-
pend on the response to TGF-beta. Indeed, CD105
is a component of the TGF-beta receptor. The role
of TGF-beta on the differentiation potential and im-
munomodulation have been evaluated16,25–27. Niu
et al. (2017) showed that MSCs inhibited T cell ac-
tivation by releasing TGF-beta 1 16. Therefore, they
showed that if TGF-beta 1 production was reduced,
the capacity of T cell inhibition also was decreased.
These observations suggested a correlation of CD105
expression on the MSC surface and its effect on im-
munemodulation, and that it could relate to the com-
petition of CD105 with TGF-beta 1, produced by
MSCs. Under normal condition , MSCs can produce
TGF-beta 1; a part of this TGF-beta 1 can bind to the
TGF-beta receptor of which CD105 is a component.
The lack of CD105 expression may inhibit TGF beta
receptor from binding to TGF-beta 1. Thus, the total
TGF-beta 1 from MSCs can affect lymphocytes and
inhibit T cell activation.
The effects of TGF-beta 1 on theMSCs in an autocrine
manner have been supported in some published stud-
ies. In amousemodel, Anderson et al. (2013) showed
that in CD105- AT-MSCs exhibited reduced TGF-
beta/smad2 signaling in mice 14. The feedback effects
of TGF-beta 1 on the CD105+ MSCs could inhibit the
production of iNOS/NO and IL-628. The significant
decrease of iNOS/NO and IL6 could reduce the im-
mune modulation mediated by CD105+ MSCs.
Lastly, the concentrations of TGF-beta 1 in the su-
pernatant of CD105− MSCs from both AT and UC
sourceswere higher than those for CD105+ AT-MSCs
and UC-MSCs, respectively. Perhaps there are two
reasons for this observation. Firstly, the TGF-beta 1
that was produced by MSCs were found to TGF re-
ceptors on the MSC surface. Secondly, there might
have been a change in the signaling pathway of TGF-
beta 1 production/secretion by CD105− MSCs.
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CONCLUSION
The MSC populations derived from adipose tissue
and umbilical cord are heterogeneous. The difference
in CD105 expression reflected two different popula-
tions with immune modulation. The CD105+MSCs
andCD105− MSCs have similar stemness and in vitro
differentiation potential to become osteoblasts, chon-
droblasts, and adipocytes. The CD105−MSCs have
a strong capacity of immune modulation compared
to CD105+ MSCs. The mechanism of this observa-
tion is unclear. However, we suggest that the effects
of immune modulation of MSCs depend on the level
of TGF-beta 1 that is produced by MSCs and secreted
into the culturemedium. TheCD105+ MSCsmay use
TGF-beta 1 in an autocrine mechanism to cause the
reduction of TGF-beta 1 in the culture medium and
increase immune modulation capacity. The results
from our study suggest that CD105− MSCs can be a
suitable source for inflammatory disease treatment.
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