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Bone marrow mesenchymal stem cells suppress
metastatic tumor development in mouse by
modulating immune system
Lei Zhang*, Xiao San Su, Jun Song Ye, Yi Yin Wang, Zheng Guan and Yan Feng Yin
Abstract

Introduction: Bone marrow mesenchymal stem cells (BMSCs) have been studied extensively because of their
potential use in clinical therapy, regenerative medicine, and tissue engineering. However, their application in tumor
therapy remains yet in preclinical stage because of the distinct results from different researches and vagueness of
their functional mechanism. In this study, the influence of BMSCs on tumor growth was observed and the potential
mechanism was investigated.

Method: Two animal models, H22 ascitogenous hepatoma in BALb/c mouse and B16-F10 pulmonary metastatic
melanoma in C57 mouse, were adopted in experience in vivo and treated with BMSCs by intravenous injection. The
percentage of Gr-1+CD11b+ myeloid-derived suppressor cells (MDSCs) and IFN-γ+ T cells were observed in peripheral
blood (PB) and bone marrow (BM) by Flow Cytometry. BMSCs were co-cultured in vitro with tumor cells and MDSCs in
a tumor conditioned medium separately in order to illustrate the mechanism.

Results: Our results demonstrated that BMSCs treatment caused a delayed tumor growth and a prolonged survival in
both tumor models, the homing fraction of BMSCs in BM was 2% - 5% in 24–72 hours after transfusion and the percentage
of Gr-1+CD11b+ MDSCs was downregulated in peripheral blood and BM. Meanwhile, IFN-γ+ T lymphocytes in PB increased.
In vitro co-culture showed that BMSCs inhibited the induction and proliferation of MDSCs in tumor conditioned medium,
whereas they didn’t affect the proliferation of B16-F10 and H22 cells by in vitro co-culture. Both in vivo and in vitro results
showed that BMSCs have a systemic suppressive effect on MDSCs.

Conclusion: Our data suggest that BMSCs has suppressive effect on tumor and is feasible to be applied in cancer
treatment. BMSCs inhibiting MDSCs induction and proliferation is likely one of the mechanism.
Introduction
Owing to their multiple differentiation capacities and their
immune modulation effect, bone marrow mesenchymal
stem cells (BMSCs) have been widely used in regeneration
of tissue such as bone [1], cartilage [2], liver [3], cardiovascu-
lar repair [4], and cell therapy in autoimmune disease [5]
since they were discovered in 1999 [6]. In recent years, mes-
enchymal stem cells (MSCs) have received intensive atten-
tion in the field of tumors owing to their tumor tropism [7],
angiogenesis [8], and immune modulation [9]. Research on
application of MSCs mainly focuses on two fields. Some in-
vestigators take BMSCs as attractive vehicles for delivering
therapeutic agents such as the therapeutic gene P53 [10],
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oncolytic virus [11,12], anti-tumor chemotherapeutic drug
[13], and special cell factors such as pigment epithelium-
derived factor [14], interleukin-12 and interferon beta [15].
Other investigators established a variety of tumor models in
which MSCs are introduced without modification and their
impact on tumor development is evaluated. Studies have re-
ported contradicting results, with some investigators finding
that MSCs promote tumor growth and others reporting that
MSCs inhibit tumor growth. Samaniegeo and colleagues
identified three subsets of MSCs that contribute to regulate
different steps of leukocyte tumor infiltration: CD90+ cells
surrounding peritumoral vessels secrete C-C motif che-
mokine ligand CCL2 to recruit leukocytes at the tumor
periphery, which inhibit development of malignant
melanoma; intratumoral fibroblast activation protein FAP+

cells organize a stromal scaffold that contact guides
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further invasion among densely packed tumor cells; and
CD90+FAP+ MSCs have no effects on tumor [16]. Bruno
and colleagues found that microvesicles derived from
human BMSCs inhibited cell cycle progression in several
tumor cell lines. The microvesicles induced apoptosis
in HepG2 and Kaposi's cells. They caused also necrosis
in Skov-3 both in vivo and in vitro [17]. Gong and
colleagues, however, found that BMSCs could promote
the growth of hepatoma by improving microvascular
formation [8].
The reason for these discrepancies is unknown, but they

may be attributable to differences in tumor models, animal
hosts, heterogeneity of MSCs, dose or timing of the MSCs
injected, or other factors that are not yet appreciated. Des-
pite all these extensive investigations over the past 10 years,
the impact of MSCs on tumor progression remains unclear.
The effects of BMSCs on tumor growth are mainly due to
either MSC-producing factors within the tumor micro-
environment or MSC-modulating immune cells, which
have intrigued intensive studies intensively in recent years.
MSCs have been shown to directly suppress the function

of a variety of immune cells, including T and B lympho-
cytes, dendritic cells and nature killer cells [18,19]. They
can also recruit macrophages and granulocytes infiltrating
into tumors, which may contribute to anti-tumor effects in
the rat colon carcinoma model [20]. Myeloid-derived sup-
pressor cells (MDSCs) are a heterogeneous cell population
of myeloid origin and can be activated and expanded in re-
sponse to growth factors and cytokines released by tumors.
Once MDSCs are activated, they accumulate in lymphoid
organs and tumors where they exert T-cell immunosup-
pression [21]. Whether MDSCs take part in the MSC sup-
pression events and what role they may play have not been
studied.
In this study, we would like to explore: firstly, the ef-

fects of BMSCs on H22 ascitogenous hepatoma in the
BALb/c mouse and B16-F10 pulmonary metastatic mel-
anoma in the C57 mouse; and, secondly, the potential
mechanisms of MSC immune modulation action, par-
ticularly the interaction of BMSCs and MDSCs through
the above two models.

Materials and methods
Tumor cell lines and mice
The following standard experimental cell lines were
used in vitro and in vivo: B16-F10 (H-2b) melanoma,
H22 hepatoma (H-2d), and NIH-3T3 murine fibroblasts.
All cells were cultured in RPMI 1640 medium (Gibco-
BRL, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (heat inactivated), penicillin (100 U/ml),
and streptomycin (100 μg/ml). Inbred C57BL/6 (B6,
H-2b) and BALb/c (H-2d) female mice (8 weeks) used in
animal models were purchased from Beijing HFK Bio-
science Co., Ltd (Beijing, China).
Isolation and culture of bone marrow mesenchymal
stem cells
BMSCs were isolated from male mouse, cultured, and
characterized as described previously [22]. Mice were
sacrificed by heart injection of potassium chloride, and
then the femora and tibiae were isolated. After dissec-
tion of attached muscle and connective tissue from
the bones, the marrow was flashed with Dulbecco’s
modified Eagle’s medium (Gibco-BRL) through a needle
stabbed into the epiphysial ends of the bones. Cells were
then separated by Percoll (ρ = 1.077; Gibco-BRL) density
gradient centrifugation, rinsed with Dulbecco’s modified
Eagle’s medium twice, and cultured in Dulbecco’s modi-
fied Eagle’s medium with 10% heat-inactivated fetal bo-
vine serum, penicillin (100 U/ml), and streptomycin
(100 μg/ml) (BMSC medium). Afterwards, BMSCs were
maintained in a humidified incubator (37°C, 5% carbon
dioxide and 20% oxygen) and their medium was chan-
ged on the seventh day and renewed every 4 days. The
90% confluent BMSCs were harvested and passed at low
density (200 cells/cm2) under subconfluent conditions
to prevent cell differentiation. BMSCs at passage 3 were
applied for in in vitro and in vivo assays.

Cell proliferation assay
For quantification of tumor cells in the co-culture experi-
ments, carboxy-fluorescein diacetate succinimidyl ester-
labeled (Invitrogen, Carlsbad, CA, USA) B16-F10 and H22
cells were cultured either alone (2 × 105 cells/well of six-
well culture plates) or in the presence of syngeneic BMSCs
or NIH-3T3 cells (ratio 1:1) for 48 hours. Labeling of the
cells was performed according to the supplier’s recom-
mendations. Cells were detached with 0.25% trypsin/ethyl-
enediamine tetraacetic acid disodium salt and washed
twice with phosphate-buffered saline (PBS). The cell pellet
was then resuspended in 1 ml PBS and the labeled tumor
cells were visualized using flow cytometry (Cytomics
FC500™; Beckman Coulter, Fullerton, CA, USA).

Tumor models and treatment protocol
For the B16-F10 experimental pulmonary metastatic
model, 2 × 105 B16-F10 tumor cells were injected via the
tail vein of C57 BL/6 mice on day 0. On days 0, 7, and 14,
the mice received syngeneic 5 × 105 cells/mouse BMSC
treatment. C57 mice injected with B16-F10 without
BMSC treatment were served as the control. The mice
were numbered and peripheral blood from five of them in
each group was acquired every 4 days from the tail vein.
Then, 35 days after B16-F10 injection, these five animals
from each group were sacrificed and their bone marrows
were analyzed by flow cytometry. Meanwhile, their lungs
were resected and weighed. The survival time of the
remaining mice was continuously monitored for at least
100 days. To establish the ascitogenous hepatoma tumor
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model for monitoring the effect of BMSCs on hepatoma
growth, BALb/c mice were inoculated intraperitoneally
with 5 × 105 H22 cells. On days 0 and 7, the mice received
syngeneic 5 × 105 cells/mouse BMSC treatment. BALb/c
mice injected with H22 cells but without BMSC treatment
served as the control. Mouse body weight was calculated
and the survival time of mice was continuously moni-
tored. MDSCs and interferon gamma (IFNγ)-positive T
cells in their peripheral blood and bone marrow were ana-
lyzed using the same method as for C57 mice. The surviv-
ing analysis was also applied in BALb/c mice. All animal
experiments were performed according to the guidelines
and protocols approved by the Institutional Animal
Care and Use Committee at Kunming Medical Univer-
sity (Kunming, China).
Generation of MDSCs from bone marrow progenitors
in vitro
To generate tumor cell conditioned medium, subconfluent
B16-F10 or H22 cells were kept in RPMI 1640 medium
with a reduced (3%) serum concentration for 48 hours.
After that time, supernatants were collected, aliquoted, and
stored at −80°C until further use. Bone marrow cells (5 ×
105 cells) obtained from the femurs and tibias of C57 and
BALb/c mice were cultured in RPMI 1640 medium, alone
or in the presence of 10%, 30%, or 60% v/v tumor cell con-
ditioned medium, or co-cultured with 1 × 105 NIH-3T3
(used as a control to eliminate the influence of cell concen-
tration) or syngeneic 1 × 105 BMSCs. Twenty-four, 48, and
72 hours after culture, floating cells were gently collected
and numerated using a TC10 automated cell counter (Bio-
rad, Hercules, CA, USA). The percentage of Gr-1+CD11b+

MDSCs was analyzed by flow cytometry and the absolute
number of Gr-1+CD11b+ MDSCs was calculated according
to the following formula:

Absolute number of MDSCs
¼ total number of cells harvested from each well

� percent of Gr‐1þCD11bþMDSCs %ð Þ

Effects of BMSCs and MDSCs on peripheral blood
CD3+IFNγ+ T cells in vitro
Peripheral blood white cells (5 × 105 cells) obtained from
C57 and BALb/c mice were co-cultured with 1 × 105

NIH-3T3 or syngeneic BMSCs in 60% v/v tumor super-
natant culture medium with or without the presence of
1 × 105 bone marrow suspension cells obtained from fe-
murs and tibias of C57 and BALb/c mice. After 24, 48,
and 72 hours, floating cells were gently collected and
numerated. The percentage of CD3+IFNγ+ T cells in the
suspension cells was analyzed by flow cytometry.
Flow cytometric analysis
Antibodies employed in flow cytometry were fluorescein
isothiocyanate-conjugated anti-mouse Ly-6G/Ly-6C (Gr-
1; clone RB6-8C5), CD25 (clone 3C7), phycoerythrin-
conjugated anti-mouse CD11b (clone M1/70), IFNγ (clone
XMG1.2) and phycoerythrin-Cy7-conjugated anti-mouse
CD3 (clone 17A2) purchased from Biolegend (San Diego,
CA, USA). Peripheral blood mononuclear cells and bone
marrow cells were collected from C57 or BALb/c mice
through the tail vein and bone marrow, respectively. The
cell suspensions were stained with fluorescein-conjugated
anti-mouse CD3, CD11b, Gr-1, and IFNγ monoclonal
antibody at room temperature for 30 minutes. After wash-
ing with PBS, the samples were fixed with PBS containing
1% paraformaldehyde and analyzed by flow cytometry.

Statistical analyses
For comparison of individual time points, Student’s
t test was used to compare means between the two
groups. Analysis of variance was used for the compari-
sons among three or more groups. Kaplan–Meier sur-
vival analysis was introduced in animal survival studies.
Differences were considered significant when P <0.05.
Statistical analysis was performed using commercially
available software (SPSS 17.0, SPSS-China, Beijing, P.R.
China).

Results
Bone marrow mesenchymal stem cells inhibit the growth
of tumor in metastatic models
The effects of intravenously injected mouse BMSCs on an
artificial pulmonary metastatic mouse model are demon-
strated in Figure 1A. The intravenous BMSC administration
systemically inhibited the growth of metastatic lung tumors,
as quantified by scoring the total lung weight in the mice
inoculated with the B16-F10 tumor cells intravenously.
The average lung weight of mice treated with BMSCs was
425 ± 30 mg, which was significantly lower than the lung
weights for control mice (1,609 ± 166 mg), and the differ-
ence was statistically significant. The anti-tumor effect of
BMSCs was further evaluated through mouse survival after
intravenous injection of B16-F10 cells with or without
BMSCs. Eventually, 33.3% of mice in the BMSC therapy
group became long-term survivors (>100 days), as compared
with none in the control animals (P= 0.01) (Figure 1B). In
the ascitogenous hepatoma model, BALb/c mice received
syngeneic BMSC treatment intravenously after H22 tumors
were injected intraperitoneally. As shown in Figure 1C, the
body weight of the animals inoculated with H22 cells and
treated with BMSCs was significantly lower than those inoc-
ulated with H22 only on days 12 and 16, which indicates
that BMSC treatment inhibited ascite formation. BMSC
treatment also prolonged the survival time of H22 inocu-
lated mice (P= 0.022) (Figure 1D).



Figure 1 Bone marrow mesenchymal stem cells inhibit the growth of metastatic tumor (n=14). Day 0, 2 × 105 B16-F10 tumor cells were injected via
the tail vein of C57 mice. On days 0, 7, and 14, the mice received syngeneic 5 × 105 cells/mouse bone marrow mesenchymal stem cell (BMSC) treatment.
C57 mice injected with B16-F10 without BMSC treatment served as the control. Thirty-five days after B16-F10 injection, five animals from each group were
sacrificed and resected lungs were weighed. The survival time of the remaining mice was monitored. BALb/c mice were inoculated intraperitoneally with
5× 105 H22 tumor cells. On days 0 and 7, the mice received syngeneic 5 × 105 cells/mouse BMSC treatment. BALb/c mice injected with B16-F10 cells without
BMSC treatment served as the control. Mouse body weight was calculated and the survival time of the mice was monitored continuously. (A) Example of
tumor formation in a lung of the C57 mouse tumor model and BMSC-treated mouse. Less tumor was formed in the BMSC-treated mouse compared with
the control group. (B) Lung weight of C57 mice. (C) Survival time of C57 mice. (D) Body weight of BALb/c mice. (E) Survival time of BALb/c mice. BMSCs,
bone marrow mesenchymal stem cell-treated group; CT, control (tumor model) group.
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No effect of BMSCs on the proliferation of tumor cells
cultured in vitro
We wondered whether the injected BMSCs have a direct
action in suppressing the proliferation of tumor cells
via cell–cell contact manner. To check this hypothesis,
carboxy-fluorescein diacetate succinimidyl ester-labeled H22
or B16-F10 cells were co-cultured with syngeneic BMSCs
respectively at equal ratio for 48 hours. As a control, tumor
cells were co-cultured with NIH-3T3 fibroblastic cells, to
rule out a possible exhaustion of nutrients or a slowdown of
growth due to a high density culture. Using flow cytometry
analysis, we detected 11.4% and 8.6% B16-F10 cell reduction
in the B16-F10/BMSC and B16-F10/NIH-3T3 co-culture
systems respectively (P >0.05). Similar findings of 14.3% and
7.1% reduction in the number of H22 cells were observed in
H22/BMSC and H22/NIH-3T3 co-culture systems respect-
ively (P >0.05) (Figure 2). There was no statistical difference
neither in the B16 nor in the H22 co-culture group.

Bone marrow mesenchymal stem cells reduced
Gr-1+CD11b+ MDSCs in tumor-bearing mice
Aforementioned studies have shown that MDSCs could
be induced and released from bone marrow in response to
various stimuli, including cancer [21], and injected mouse



Figure 2 Anti-tumor effect of bone marrow mesenchymal stem cells in vitro (n=6). Carboxy-fluorescein diacetate succinimidyl ester (CFSE)-labeled
B16-F10 and H22 cells (2 × 105 cells) were cultured either alone or in the presence of 2 × 105 syngeneic bone marrow mesenchymal stem cells (BMSCs) or
NIH-3T3 cells. Forty-eight hours after cultivation, the entire cell populations from individual culture or co-culture systems were harvested and the total number
of CFSE+ tumor cells was calculated using flow cytometry. (A) H22/BMSC co-culture system. (B) B16-F10/BMSC co-culture system.
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BMSCs could relocate in bone marrow [10,23]. Therefore,
we asked whether the induction and proliferation of an
immunosuppressive cell subset of Gr-1+CD11b+ MDSCs
could be affected following BMSC injection and homing
to the bone marrow. To address this question, peripheral
blood and bone marrow Gr-1+CD11b+ MDSCs were de-
tected either every 4 days during BMSC treatment or at
the end of treatment. As depicted in Figure 3, the percent-
age of Gr-1+CD11b+ MDSCs in peripheral blood from
tumor-beating mice had a trend to increase with time dur-
ing the tumor growth progressively, while the percentages
of MDSCs were lower in the syngeneic BMSC-treated
mice group compared with the control group. At the end-
point of tests, percentages of Gr-1+CD11b+ MDSCs in the
bone marrow were analyzed by flow cytometry and the
results showed a lower expression of MDSCs in the BMSC
therapy groups, the differences between control and ther-
apy groups being statistically significant (Figure 3C,D).

Restoration of IFNγ+ T lymphocytes following BMSC
transfusion in tumor-bearing mice
MDSCs suppress adaptive and innate immunity by inhi-
biting antigen-specific and nonspecific T-cell activation
[21]. Since the induction and proliferation of the im-
munosuppressive cell subset of Gr-1+CD11b+ MDSCs
were inhibited following BMSC injection and homing to
the bone marrow, we also investigated activated subsets
of T lymphocytes in tumor-bearing mice. The percent-
age of IFNγ+ T cells in peripheral blood is downregu-
lated persistently during the tumor growth progressively



Figure 3 Effect of bone marrow mesenchymal stem cells on Gr-1+CD11b+ cells in tumor-bearing mice (n = 5). Bone marrow mesenchymal
stem cells (BMSCs) were injected through the tail vein in the B16-F10 pulmonary metastatic or H22 intraperitoneal hepatoma model and Gr-1+CD11b+

myeloid-derived suppressor cells (MDSCs) in peripheral blood and bone marrow were detected either during BMSC treatment or at the end of
treatment. (A) Percentage of MDSCs in peripheral blood of C57 mice. (B) Percentage of MDSCs in peripheral blood of BALb/c mice. (C) Percentage
of MDSCs in bone marrow of C57 mice. (D) Percentage of MDSCs in bone marrow of BALb/c mice. #P < 0.05; §P < 0.01 compared with the control
(CT) group.
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among the B16-F10 pulmonary metastatic and H22
intraperitoneal hepatoma models, while in the BMSC-
treated mice groups the percentages of IFNγ+ T cells
were elevated about 15% (Figure 4). Therefore, it is rea-
sonable to assume that BMSC treatment may reduce
proliferation of MDSCs, which in turn maintains the
IFNγ+ T cells in tumor-bearing mice.

Bone marrow mesenchymal stem cells suppress MDSC
induction and proliferation in vitro
To confirm the in vivo inhibition of MDSCs by intravenous
injected BMSCs, a series of bone marrow cell/BMSC co-
culture experiments in vitro were performed to determine
whether BMSCs could suppress MDSC induction and
proliferation. First of all, tumor-conditioned media in-
duced a proliferative response of MDSCs from either C57or
BALb/c mice-derived bone marrow cells (Figure 5A,B). Ac-
cording to their effects, we had chosen 60% tumor condition
medium for the following experiments. BMSCs caused a re-
duction of absolute MDSC number after 48 and 72 hours
co-culture with bone marrow (Figure 5C,D). This finding
was also proved in two types of syngeneic BMSCs and bone
marrow cells separated from BALb/c and C57 mice,
respectively.

Co-culture with BMSCs decreases MDSC inhibition of
CD3+IFNγ+ T cells in vitro
To observe the in vitro effect of BMSCs on CD3+IFNγ+ T
cells, 5 × 105 peripheral blood white cells obtained from
C57 and BALb/c mice were co-cultured with 1 × 105

NIH-3T3 or syngeneic BMSCs in 60% v/v tumor super-
natant culture medium with or without the presence of
1 × 105 bone marrow suspension cells (MDSCs) obtained
from femurs and tibias of C57 and BALb/c mice. After 24,
48, and 72 hours, floating cells were gently collected and
numerated. The percentage of CD3+IFNγ+ T cells in the



Figure 4 Effect of bone marrow mesenchymal stem cells on IFNγ+ T cells in tumor-bearing mice (n= 5). After bone marrow mesenchymal stem
cell (BMSC) treatment in the pulmonary metastatic or H22 intraperitoneal hepatoma model, IFNγ+ T cells in peripheral blood white cells were detected
during and after BMSC treatment. (A) IFNγ+ T-cell percentage in peripheral blood white cells of C57 mice. (B) IFNγ+ T-cell percentage in peripheral blood
white cells of BALb/c mice. #P <0.05; §P <0.01 compared with the control group. IFNγ, interferon gamma.
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suspension cells was analyzed by flow cytometry We did
not observe any difference in CD3+IFNγ+ T-cell percent-
age among the three groups (peripheral blood white cell
group, peripheral blood white cells co-cultured with NIH-
3T3, or BMSCs) without the presence of bone marrow
suspension cells (data not shown). When MDSCs pre-
sented, the percentage of CD3+IFNγ+ T cells was higher in
the BMSC groups after 48 hours and 72 hours co-culture
for both B16-F10 and H22 cells (Figure 6). These differ-
ences were statistically significant (P <0.05).

Discussion
Although various studies have shown that MSCs may
modulate the growth of tumor cells, the observed discrep-
ancies probably reflect the differences in the experimental
settings. The origin of the MSCs, the strain of the mouse,
the type of tumor cells, or the method of treatment might
interfere with the behavior of the tumor [24]. BMSCs are
able either to favor angiogenesis and tumor initiation or to
inhibit progression of established tumors [17]. The present
study aimed at evaluating the effect of BMSCs on the devel-
opment and progression of metastatic tumors in syngeneic
immunocompetent animals. On this account, we used two
metastatic tumor models –ascitogenous hepatoma in the
BALb/c mouse and B16-F10 pulmonary metastatic melan-
oma in the C57 mouse – which may help to understand
whether the systemic injection of MSCs in a therapeutic
setting might influence the period of tumor growth and
metastasis. Our results showed that, no matter whether in
hepatoma-burdened BALb/c mouse or in melanoma-
burdened C57 mouse, BMSC therapy improved mice life-
time and retarded the development of metastatic tumor,
which is coincident with other research [25]. However, we
also noticed that there were contradictory results about the
activity of MSCs promoting tumor cell growth. MSCs
might have two different potentials to support or suppress
tumor growth [26]. Their function in the tumor micro-
environment and the mechanism of their functioning need
more research and illustration.
Previous studies suggest that systemically infused BMSCs

have the ability of homing to bone marrow and sites of ac-
tive tumorigenesis. Although it was reported that only 0.56
to 0.72% of BMSCs home to tumor mass [27], BMSCs still
have the possibility to exert an anti-tumor effect by direct
cell–cell contact. Roodra and colleagues have shown that
MSCs provide direct cell–cell contact interactions and
effect tumor growth by soluble factor secretion [28]. To
rule out a possible direct effect of BMSCs on tumor cell
proliferation, we cultured tumor cell lines in the presence
of BMSCs or NIH-3T3 fibroblastic cells in vitro. The pres-
ence of BMSCs had no effect on the growth of B16-F10
and H22 tumor cells in vitro. Heil and colleagues have
shown that BMSCs promote neoangiogenesis through
paracrine secretion [29]. We might suppose that BMSCs
probably act through paracrine secretion or a systemic
regulation rather than locally, even though complementary
in vitro and in vivo experience seems more persuasive than
in vitro experience only. The microenvironment of a pro-
gressing tumor is composed of proliferating malignant cells,
blood vessels, tumor stroma, and infiltrating inflammatory
cells. This is a unique environment dominated and created
by tumor cells that establish specific interactions with
neighbor cells in order to promote tumor progression and
metastasis. Moreover, the immune system of our body is a



Figure 5 Effect of bone marrow mesenchymal stem cells on myeloid-derived suppressor cells in vitro (n= 6). Bone marrow cells (5 × 105 cells)
obtained from femurs and tibias of C57 and BALb/c mice were cultured in RPMI 1640 medium, alone, or in the presence of 10%, 30%, or 60% v/v tumor
supernatant culture medium (ST), or co-cultured with 1 × 105 syngeneic bone marrow mesenchymal stem cells (BMSCs). After 24, 48, and 72 hours, floating
cells were gently collected and numbered. The absolute number of Gr-1+CD11b+ myeloid-derived suppressor cells (MDSCs) was calculated as described in
Materials and methods. (A) Effect of BMSCs on MDSCs in the presence of B16-F10 culture medium. (B) Effect of BMSCs on MDSCs in the presence of H22
culture medium. (C) BMSC/bone marrow co-culture in the presence of B16-F10 culture medium. (D) BMSC/bone marrow co-culture in the presence of
H22 culture medium. #P <0.05; §P <0.01 compared with the control (CT) group.
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complex network. With these two complicated systems, the
tumor-dominated microenvironment and the immune sys-
tem, it is difficult to explain the numerous conflicting re-
ports on the effects of MSCs on tumors. Therefore, it is
important to further explore the interaction of MSCs with
tumor cells in the tumor microenvironment and in the
whole immune system.
MSCs are firstly thought to have immunosuppressive ef-

fects and to promote both hematopoietic and solid organ
transplantation tolerance [30], which may be an important
reason why they are thought to increase incidence of
tumor formation or promote tumor growth in vivo. Their
immune-modulating effects have been explored deeper
over time, however, and BMSCs have been found to drive
immune responses in different ways according to the
microenvironment provided to them [31]. As a member
of the immune cells, MDSCs are a heterogeneous popula-
tion cells of myeloid origin including myeloid progenitors
and immature myeloid cells. In healthy individuals, imma-
ture myeloid cells are mobilized from bone marrow and
differentiate into mature dendritic cells, macrophages, and
granulocytes. In contrast, in pathological conditions such
as cancer, immature myeloid cells are blocked to differen-
tiate into mature myeloid cells, and MDSC activation and
expansion occur. Like MSCs, MDSCs can be generated
from bone marrow into the bloodstream and home in
tumor stroma, where they promote tumor growth [32].
Thus, we suppose that BMSCs might modulate tumor
growth through immune systemic regulation; it is possible
that they improve or inhibit some of the immune cells,
including MDSCs. To prove this hypothesis, we detected
the percentage of Gr-1+CD11b+ MDSCs in peripheral



Figure 6 Effect of bone marrow mesenchymal stem cells on CD3+IFNγ+ T cells in vitro (n = 6). Peripheral blood (PB) white cells (5 × 105 cells)
obtained from C57 and BALb/c mice were co-cultured with 1 × 105 NIH-3T3 or syngeneic BMSCs in 60% v/v tumor supernatant culture medium with
or without the presence of 1 × 105 bone marrow suspension cells obtained from femurs and tibias of C57 and BALb/c mice. After 24, 48, and 72 hours,
floating cells were gently collected and numerated. The percentage of CD3+IFNγ+ T cells in suspension cells was analyzed as described in Materials
and methods. (A) Effect of BMSCs and MDSCs on PB white CD3+IFNγ+ T cells in the presence of B16-F10 culture medium. (B) Effect of BMSCs and
MDSCs on PB white CD3+IFNγ+ T cells in the presence of H22 culture medium. #P <0.05. +BMSCs, PB white cells +MDSCs + BMSCs; CT, PB white cells
+ MDSCs; IFNγ, interferon gamma; +NIH3T3, PB blood white cells + MDSCs + NIH-3T3.
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blood and bone marrow during or at the end of BMSC
treatment. As the aforementioned results have shown, com-
pared with control groups MDSCs presented a larger quan-
tity in peripheral blood and bone marrow in BMSC-treated
tumor-bearing mice. This property was further defined by
using an in vitro MDSC-inducing system, which demon-
strated significant suppressive effect of BMSCs on the
MDSC proliferation. We may conclude that persistent ad-
ministration of BMSCs is able to suppress metastasis tumor
progression, and MDSCs might take a part of role in this
effect, at least in the experimental conditions tested here.
In our experiments, there was also an upregulation of

IFNγ+ T cells with the tumor growing time in the BMSC-
treated tumor-bearing model. Our in vitro experiment con-
firmed this result, which showed that after peripheral blood
white cells were co-cultured with NIH-3T3 or BMSCs in
tumor supernatant without MDSCs there was no difference
in the percentage of CD3+IFNγ+ T cells. When MDSCs
were present, however, the percentage of CD3+IFNγ+ T
cells was higher than control in BMSC groups after
48 hours and 72 hours co-culture for both B16-F10 and
H22 cells. We can conclude that an MDSC presence affects
the number of CD3+IFNγ+ T cells in the tumor microenvir-
onment in vitro. Several investigators have demonstrated
that MDSCs mediated an inhibiting function of antigen-
specific and nonspecific T-cell activation. Lesokhin and
colleagues showed that MDSCs are important contribu-
tors to the development of an immunosuppressive
tumor microenvironment that blocks the action of
cytotoxic anti-tumor T-effector cells. MDSCs regulate
entry of activated CD8+ T cells into the tumor site,
thereby limiting the efficacy of immunotherapy [33]. An
anti-interleukin-6R monoclonal antibody could downmo-
dulate MDSCs in tumor-bearing mice, which enhance
anti-tumor T-cell responses and lead to an anti-tumor ef-
fect [34]. MDSCs may inhibit T-cell activity by nitric oxide
production [35], 5-fluorouracil [36] and docetaxel applica-
tion through inhibition of the STAT3 pathway [37].
Adverse opinion is that BMSCs can also directly modulate
T cells and other immune cells [38]. Necessary follow-up
work should be designed to test whether this effect is trig-
gered by a direct modulation of BMSCs or by MDSCs.
In summary, BMSCs have a potential anti-tumor effect

in our metastatic tumor model therapy. In our study,
BMSCs downmodulated MDSCs in peripheral blood and
in bone marrow. This might be one of the mechanisms by
which BMSCs inhibit metastatic tumor. However, the
issue of whether BMSCs can be used as a therapeutic
strategy requires further investigation into safety and clin-
ical evaluation of BMSCs, illustration of their mechanisms
in immune modulation, and interactions between BMSCs
and tumor cells in a tumor-dominant microenvironment.

Conclusion
BMSC treatment demonstrated anti-tumor function pre-
senting as mice lifetime extension and inhibition of meta-
static tumor growth. BMSCs modulating the formation and
maturity of MDSCs might be one of the mechanisms to
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explain this tumor-suppressive effect. Decrease of CD3+

IFNγ+ T cells in the tumor microenvironment can be par-
tially converted by BMSCs in vivo and this effect might be
related to MDSCs. BMSC treatment may present a poten-
tial therapy in cancer treatment after deep research in the
clinical practices performed.

Abbreviations
BMSC: bone marrow mesenchymal stem cell; Gr-1(Ly-6G): lymphocyte
antigen 6 complex, locus G; IFNγ: interferon gamma; MDSC: myeloid-derived
suppressor cell; MSC: mesenchymal stem cell; PBS: phosphate-buffered saline.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LZ designed this experiment, carried out the cell culture and animal experiments,
and drafted the manuscript. XSS participated in the design of the study, carried
out the immunoassay by flow cytometry, and helped to draft the manuscript. JSY
participated in animal experiments and carried out in vitro cell co-culture. YYW
participated in animal experiments. ZG participated in cell culture. YFY participated
in the statistical analysis and helped in animal experiments. All authors read and
approved the final manuscript.

Acknowledgements
This study was supported by the Kunming Science and Technology
Foundation (10S090201), Yunnan, China and the National Nature Science of
China (31360223).

Received: 30 July 2014 Revised: 21 January 2015
Accepted: 5 March 2015

References
1. Kim BS, Kim JS, Sung HM, You HK, Lee J. Cellular attachment and osteoblast

differentiation of mesenchymal stem cells on natural cuttlefish bone.
J Biomed Mater Res A. 2012;100:1673–9.

2. Somoza RA, Welter JF, Correa D, Caplan AI. Chondrogenic differentiation of
mesenchymal stem cells: challenges and unfulfilled expectations. Tissue Eng
Part B Rev. 2014;20:596–608.

3. Zhang L, Ye JS, Decot V, Stoltz JF, de Isla N. Research on stem cells as
candidates to be differentiated into hepatocytes. Biomed Mater Eng.
2012;22:105–11.

4. Suzuki S, Narita Y, Yamawaki A, Murase Y, Satake M, Mutsuga M, et al. Effects
of extracellular matrix on differentiation of human bone marrow-derived
mesenchymal stem cells into smooth muscle cell lineage: utility for
cardiovascular tissue engineering. Cells Tissues Organs. 2010;191:269–80.

5. Zhang H, Zeng X, Sun L. Allogenic bone-marrow-derived mesenchymal stem
cells transplantation as a novel therapy for systemic lupus erythematosus.
Expert Opin Biol Ther. 2010;10:701–9.

6. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, et al.
Multilineage potential of adult human mesenchymal stem cells.
Science. 1999;284:143–7.

7. Bayo J, Marrodan M, Aquino JB, Silva M, Garcia MG, Mazzolini G. The
therapeutic potential of bone marrow-derived mesenchymal stromal cells
on hepatocellular carcinoma. Liver Int. 2013 doi:10.1111/liv.12338.
[Epub ahead of print].

8. Gong P, Wang Y, Jin S, Luo H, Zhang J, Bao H, et al. Effect of bone marrow
mesenchymal stem cells on hepatocellular carcinoma in microcirculation.
Tumour Biol. 2013;34:2161–8.

9. Serakinci N, Fahrioglu U, Christensen R. Mesenchymal stem cells, cancer
challenges and new directions. Eur J Cancer. 2014;50:1522–30.

10. Huang Y, Yu P, Li W, Ren G, Roberts AI, Cao W, et al. P53 Regulates mesenchymal
stem cell-mediated tumor suppression in a tumor microenvironment through
immune modulation. Oncogene. 2013;33:3830–8.

11. Ong HT, Federspiel MJ, Guo CM, Ooi LL, Russell SJ, Peng KW, et al.
Systemically delivered measles virus-infected mesenchymal stem cells can
evade host immunity to inhibit liver cancer growth. J Hepatol.
2013;59:999–1006.

12. Xia X, Ji T, Chen P, Li X, Fang Y, Gao Q, et al. Mesenchymal stem cells as
carriers and amplifiers in crad delivery to tumors. Mol Cancer. 2011;10:134.
13. Pessina A, Bonomi A, Cocce V, Invernici G, Navone S, Cavicchini L, et al.
Mesenchymal stromal cells primed with paclitaxel provide a new approach
for cancer therapy. PLoS One. 2011;6:e28321.

14. Chen Q, Cheng P, Song N, Yin T, He H, Yang L, et al. Antitumor activity of
placenta-derived mesenchymal stem cells producing pigment epithelium-derived
factor in a mouse melanoma model. Oncol Lett. 2012;4:413–8.

15. Xie C, Xie DY, Lin BL, Zhang GL, Wang PP, Peng L, et al. Interferon-beta
gene-modified human bone marrow mesenchymal stem cells attenuate
hepatocellular carcinoma through inhibiting Akt/Foxo3a pathway. Br J Cancer.
2013;109:1198–205.

16. Samaniego R, Estecha A, Relloso M, Longo N, Escat JL, Longo-Imedio I, et al.
Mesenchymal contribution to recruitment, infiltration, and positioning of leukocytes
in human melanoma tissues. J Invest Dermatol. 2013;133:2255–64.

17. Bruno S, Collino F, Deregibus MC, Grange C, Tetta C, Camussi G.
Microvesicles derived from human bone marrow mesenchymal stem cells
inhibit tumor growth. Stem Cells Dev. 2013;22:758–71.

18. Corcione A, Benvenuto F, Ferretti E, Giunti D, Cappiello V, Cazzanti F, et al.
Human mesenchymal stem cells modulate B-cell functions. Blood.
2006;107:367–72.

19. Prigione I, Benvenuto F, Bocca P, Battistini L, Uccelli A, Pistoia V. Reciprocal
interactions between human mesenchymal stem cells and gammadelta T
cells or invariant Natural killer T cells. Stem Cells. 2009;27:693–702.

20. Ohlsson LB, Varas L, Kjellman C, Edvardsen K, Lindvall M. Mesenchymal
progenitor cell-mediated inhibition of tumor growth in vivo and in vitro in
gelatin matrix. Exp Mol Pathol. 2003;75:248–55.

21. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of
the immune system. Nat Rev Immunol. 2009;9:162–74.

22. Otsu K, Das S, Houser SD, Quadri SK, Bhattacharya S, Bhattacharya J.
Concentration-dependent inhibition of angiogenesis by mesenchymal stem
cells. Blood. 2009;113:4197–205.

23. Duffy MM, Ritter T, Ceredig R, Griffin MD. Mesenchymal stem cell effects on
T-cell effector pathways. Stem Cell Res Ther. 2011;2:34.

24. Klopp AH, Gupta A, Spaeth E, Andreeff M, Marini 3rd F. Concise review:
dissecting a discrepancy in the literature: do mesenchymal stem cells
support or suppress tumor growth? Stem Cells. 2011;29:11–9.

25. Li GC, Ye QH, Dong QZ, Ren N, Jia HL, Qin LX. Mesenchymal stem cells
seldomly fuse with hepatocellular carcinoma cells and are mainly distributed in
the tumor stroma in mouse models. Oncol Rep. 2013;29:713–9.

26. Watts TL, Cui R. Malignant melanoma induces migration and invasion of
adult mesenchymal stem cells. Laryngoscope. 2012;122:2769–72.

27. Rombouts WJ, Ploemacher RE. Primary murine Msc show highly efficient
homing to the bone marrow but lose homing ability following culture.
Leukemia. 2003;17:160–70.

28. Roorda BD, Elst A, Boer TG, Kamps WA, de Bont ES. Mesenchymal stem cells
contribute to tumor cell proliferation by direct cell-cell contact interactions.
Cancer Invest. 2010;28:526–34.

29. Heil M, Ziegelhoeffer T, Mees B, Schaper W. A different outlook on the role
of bone marrow stem cells in vascular growth: bone marrow delivers
software not hardware. Circ Res. 2004;94:573–4.

30. Maccario R, Podesta M, Moretta A, Cometa A, Comoli P, Montagna D, et al.
Interaction of human mesenchymal stem cells with cells involved in
alloantigen-specific immune response favors the differentiation of Cd4+
T-cell subsets expressing a regulatory/suppressive phenotype.
Haematologica. 2005;90:516–25.

31. Hong HS, Kim YH, Son Y. Perspectives on mesenchymal stem cells: tissue
repair, immune modulation, and tumor homing. Arch Pharm Res.
2012;35:201–11.

32. Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated regulation of
myeloid cells by tumours. Nat Rev Immunol. 2012;12:253–68.

33. Lesokhin AM, Hohl TM, Kitano S, Cortez C, Hirschhorn-Cymerman D, Avogadri F,
et al. Monocytic Ccr2(+) myeloid-derived suppressor cells promote immune
escape by limiting activated Cd8 T-cell infiltration into the tumor
microenvironment. Cancer Res. 2012;72:876–86.

34. Sumida K, Wakita D, Narita Y, Masuko K, Terada S, Watanabe K, et al. Anti-IL-6
receptor Mab eliminates myeloid-derived suppressor cells and inhibits tumor
growth by enhancing T-cell responses. Eur J Immunol. 2012;42:2060–72.

35. Jia W, Jackson-Cook C, Graf MR. Tumor-infiltrating, myeloid-derived suppressor
cells inhibit T cell activity by nitric oxide production in an intracranial Rat
glioma + vaccination model. J Neuroimmunol. 2010;223:20–30.

36. Vincent J, Mignot G, Chalmin F, Ladoire S, Bruchard M, Chevriaux A, et al.
5-fluorouracil selectively kills tumor-associated myeloid-derived suppressor



Zhang et al. Stem Cell Research & Therapy  (2015) 6:45 Page 11 of 11
cells resulting in enhanced T cell-dependent antitumor immunity. Cancer
Res. 2010;70:3052–61.

37. Kodumudi KN, Woan K, Gilvary DL, Sahakian E, Wei S, Djeu JY. A novel
chemoimmunomodulating property of docetaxel: suppression of myeloid-derived
suppressor cells in tumor bearers. Clin Cancer Res. 2010;16:4583–94.

38. Kuhn NZ, Tuan RS. Regulation of stemness and stem cell niche of
mesenchymal stem cells: implications in tumorigenesis and metastasis.
J Cell Physiol. 2010;222:268–77.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Method
	Results
	Conclusion

	Introduction
	Materials and methods
	Tumor cell lines and mice
	Isolation and culture of bone marrow mesenchymal stem cells
	Cell proliferation assay
	Tumor models and treatment protocol
	Generation of MDSCs from bone marrow progenitors in�vitro
	Effects of BMSCs and MDSCs on peripheral blood CD3+IFNγ+ T cells in�vitro
	Flow cytometric analysis
	Statistical analyses

	Results
	Bone marrow mesenchymal stem cells inhibit the growth of tumor in metastatic models
	No effect of BMSCs on the proliferation of tumor cells cultured in�vitro
	Bone marrow mesenchymal stem cells reduced Gr-1+CD11b+ MDSCs in tumor-bearing mice
	Restoration of IFNγ+ T lymphocytes following BMSC transfusion in tumor-bearing mice
	Bone marrow mesenchymal stem cells suppress MDSC induction and proliferation in�vitro
	Co-culture with BMSCs decreases MDSC inhibition of CD3+IFNγ+ T cells in�vitro

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

