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Abstract

Mesenchymal stem cells (MSCs) are studied for their potential clinical use in regenerative medicine, tissue engineering and tumour therapy.
However, the therapeutic application of MSCs in tumour therapy still remains limited unless the immunosuppressive role of MSCs for
tumour growth in vivo is better understood. In this study, we investigated the mechanism of MSCs favouring tumour escape from
immunologic surveillance in inflammatory microenvironment. We first compared the promotive capacity of bone marrow-derived MSCs
on B16 melanoma cells growth in vivo, pre-incubated or not with the inflammatory cytokines interferon (IFN)-� and tumour necrosis
factor (TNF)-�. We showed that the development of B16 melanoma cells is faster when co-injected with MSCs pre-incubated with 
IFN-� and TNF-� compared with control groups. Moreover, tumour incidence increases obviously in allogeneic recipients when B16
melanoma cells were co-injected with MSCs pre-incubated with IFN-� and TNF-�. We then demonstrated that the immunosuppressive
function of MSCs was elicited by IFN-� and TNF-�. These cytokine combinations provoke the expression of inducible nitric oxide 
synthase (iNOS) by MSCs. The impulsive effect of MSCs treated with inflammatory cytokines on B16 melanoma cells in vivo can be
reversed by inhibitor or short interfering RNA of iNOS. Our results suggest that the MSCs in tumour inflammatory microenvironment
may be elicited of immunosuppressive function, which will help tumour to escape from the immunity surveillance.
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Introduction

Mesenchymal stem cells (MSCs) have the ability to differentiate
into multiple lineages such as chondrocytes, osteocytes,
adipocytes, myocytes and astrocytes, which are a potential

source of stem cells for cellular and genetic therapy [1, 2].
MSCs are found in the bone marrow but have also been isolated
from other sites in the body such as adipose tissue and uterus
[3]. The phenotype of MSCs is identified by the absence of the
CD34 and CD45 haematopoietic cell markers and is positive for
CD29, CD90 and CD105 [4]. MSCs express the major histocom-
patibility complex (MHC) class I but do not express MHC class
II, B7–1, B7–2, CD40 or CD40L molecules. MSCs can be
expanded more than 104-fold in culture without loss of their
multilineage differentiation potential. Therefore, MSCs are not
only considered as an acceptable source of stem cells in
haematopoietic recovery, but also as an available cell in tissue
regeneration [2].
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MSCs have been shown to be highly immunosuppressive,
which is a character unlike embryonic stem cells. MSCs were
found to suppress T-cell proliferation and cytokine production,
but the mechanisms by which MSCs mediate these immunosup-
pressive effects have not been fully elucidated [5–8]. Koc et al.
found that when 2 � 106 allogeneic MSCs per kg were infused
along with allogeneic bone marrow into patients with metachro-
matic leukodystrophy, or Hurler’s syndrome, there were no evi-
dence of alloreactive T cells and no incidence of Graft-versus-Host
Disease (GvHD) [9]. Others have attempted using MSCs to pre-
vent or treat autoimmune diseases, such as experimental autoim-
mune encephalomyelitis and collagen-induced arthritis [10, 11].
It has been demonstrated that interleukin (IL)-10, transforming
growth factor (TGF)-�, nitric oxide, indoleamine 2,3-dioxygenase
[12] and prostaglandin E2 [13] have been involved in MSC-medi-
ated immunosuppression, others report that IL-10 and TGF-� are
not involved [14]. Meanwhile, the immunomodulatory effect of
MSCs is not always achieved; in some cases, no effect is
observed [15, 16]. Therefore, the mechanisms of MSCs suppress
immune reactions need to be determined for a better utility of
these cells. Ren et al. reported that the immunosuppressive func-
tion of MSCs is elicited by proinflammatory cytokines and the
immunosuppression of MSCs is through the concerted action of
chemokines and nitric oxide [17].

Djouad et al. showed that MSCs had displayed side effects
related to systemic immunosuppression favouring tumour
growth in vivo [18]. On the contrary, MSCs have been shown to
be anti-tumorigenic in a mouse model of Kaposi’s sarcoma by
inhibiting Akt (a serine-threonine protein kinase known to pro-
mote cell survival) activity [19]. MSCs have a tropism for
tumours [20] and tumour environment is always accompanied
with proinflammatory cytokines. Therefore, it is important to
investigate the effect of MSCs favouring tumour growth in
inflammatory environment.

The aim of this study was to investigate the mechanism of
MSCs favouring tumour escape from immunologic surveillance in
inflammatory microenvironment. We first compared the 
promotive capacity of BM-derived MSCs on B16 melanoma cells
growth in vivo, pre-incubated or not with the inflammatory
cytokines interferon (IFN)-� and tumour necrosis factor 
(TNF)-�. We showed that the development of B16 melanoma cells
is faster when co-injected with MSCs pre-incubated IFN-� and
TNF-� compared with control groups. Moreover, the tumour inci-
dence improves obviously in allogeneic recipients when the B16
melanoma cells were co-injected with MSCs pre-incubated with
IFN-� and TNF-�. We then demonstrated that the immunosup-
pressive function of MSCs was elicited by IFN-� and TNF-�. These
cytokine combinations provoke the expression of inducible nitric
oxide synthase (iNOS) by MSCs. The impulsive effect of MSCs
treated with inflammatory cytokines on B16 melanoma cells 
in vivo can partly be reversed by iNOS inhibitor. Our results sug-
gest that the MSCs in tumour inflammatory microenvironment
may be elicited of immunosuppressive function, which will help
tumour to escape from the immunity surveillance.

Materials and methods

Reagents

Recombinant mouse IFN-�, TNF-� were from Peprotech (La Jolla, CA,
USA); 1400W were from Biotime (Haimen, Jiangsu, China); antimouse
CD34, CD45, CD90, CD105 and CD29 antibodies were from BioLegend
(San Diego, CA, USA).

Cells and animal

MSCs were generated from bone marrow flushed out of tibia and femur of
4–6-week-old mice. Cells were cultured in �-Minimum Essential Medium
(MEM) medium supplemented with 10% Fetal Bovine Serum (FBS), 2 mM
glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin (all from
Invitrogen,  Carlsbad, CA, USA). Non-adherent cells were removed after 
72 hrs, and adherent cells were maintained with medium replenishment
every 3 days. Cells were used at 5th to 20th passage.

Murine B16 melanoma cells were cultured at 37�C, with 5% CO2, 
in DMEM with 10% fetal bovine serum, supplemented with 2 mM L-gluta-
mine, 100 U/ml penicillin and 100 �g/ml streptomycin. Cells were subcul-
tured every 3 days when they reached 70–80% confluence.

Male C57BL/6 and Balb/c mice, 6–8 weeks old, were purchased from
Shanghai Experimental Animal Center of the Chinese Academy of
Sciences, Shanghai, China. Mice in this study were housed in pathogen-
free conditions, and all procedures were performed in accordance 
with the guideline of the Committee on Animals of the Chinese Academy
of Sciences.

Differentiation of MSCs

MSCs were induced to differentiate into adipocytes in vitro by supplemen-
tation with 60 �M indomethacin, 0.5 mM isobutylmethylxanthin, 10 nM
dexamethasone and 10 �g/ml insulin for 14 days. The presence of
adipocytes was verified by staining for triglycerides with Oil red O (Sigma-
Aldrich, St. Louis, MO, USA), to reveal intracellular lipid accumulation.
MSCs were cultured with osteoinductive medium consisting of DMEM
supplemented with 10% FBS, �-mercaptoethanol, 100 �M L-ascorbic
acids, 10 nM dexamethasone and 10 mM �-glycerophosphate for 14 days.
These cells were stained with Von Kossa to identify calcium deposition
characteristic of osteoblasts.

B16 melanoma murine tumour model

B16 melanoma cells and MSCs were prepared either as single-cell type
suspensions (5 � 106 cells in 100 �l PBS) or a mix of cells (5 � 106 B16
cells and 1 � 106 MSCs in 100 �l PBS). Subcutaneous administration of
B16 cells (alone or mixed with MSCs) was performed in the armpit area of
C57BL/6 or Balb/c mice. Mice were examined three times a week and
tumour growth was evaluated by measuring the length and width of
tumour mass. The animals were sacrificed and tumours were recovered 
at the end of the experiment. Tumour masses were weighed and analysed
by histology.

© 2011 The Authors
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MLR (mixed lymphocyte reaction)

Splenocytes were isolated from mouse spleen by disaggregation
into 10 ml RPMI Medium 1640 (Invitrogen). Erythrocytes were
lysed with NH4Cl 0.84% and subsequently washed three times in
RPMI 1640. Cell count and viability were assessed by trypan blue
dye exclusion. In mitogen proliferative assays, responder spleno-
cytes were incubated with 5 �g/ml concanavalin A (ConA; Sigma-
Aldrich, St. Louis, MO, USA) then cultured with IL-2 (200 U/ml)
alone for 48 hrs. All splenocytes cultures were maintained in
RPMI 1640 medium supplemented with 10% heat-inactivated
FBS, 2 mM glutamine, 100 U/ml penicillin, 100 mg/ml strepto-
mycin and 50 mM �-ME (complete medium). MSCs were added
to the MLR to obtain a 200 �l final volume. After 3 days of incu-
bation, 1 �Ci/well (0.037 MBq/well) 3H-thymidine was added
overnight and thymidine incorporation was measured using a �-
scintillation counter. The data are presented as the percent of the
relative proliferative response, corresponding to the mean counts
per minute of a responder stimulator pair in the absence of MSCs
and was attributed a 100% value.

Real-time PCR

The MSCs were incubated with IFN-� (20 ng/ml) and TNF-�
(20 ng/ml), both or alone, for 12 hrs. The cells were collected
to extract the total cellular mRNA with Trizol Reagent
(Invitrogen). Expression of mRNA was determined by real-time
RT-PCR using SYBR Green Master Mix (Applied Biosystems,
Foster City, CA, USA). Total sample RNA was normalized 
to endogenous �-actin mRNA. Primers sequences for iNOS
were: forward: 5	-CAGCTGGGCTGTACAAACCTT-3	; reverse: 
5	-CATTGGAAGTGAAGCGTTTCG-3	. Thermocycler conditions
included an initial hold at 50�C for 2 min. and then 95�C for 
10 min.; this was followed by a two-step PCR program of 
95�C for 15 sec. and 60�C for 60 sec. repeated for 40 cycles on
an Mx4000 system (Stratagene, La Jolla, CA, USA), on which
data were collected and quantitatively analysed. Expression
level of mRNA is presented as fold change relative to an
untreated control.

Allogeneic implantation of B16

Balb/c mice were used in this study. B16 melanoma cells 
and MSCs were prepared either as single-cell type suspensions 
(5 � 106 cells in 100 �l PBS) or a mix of cells (5 � 106 B16 cells
and 1 � 106 MSCs in 100 �l PBS). Subcutaneous administration
of B16 melanoma cells (alone or mixed with MSCs) was 
performed in the armpit area of Balb/c. The tumour incidence 
was examined three times a week to evaluate the situation of
tumour growth.

Short interfering RNA (siRNA) synthesis and tran-
sient transfection

Three siRNA sequences of iNOS were designed by using
Oligoengine software and confirmed by nucleotide Basic Local
Alignment Search Tool (BLAST) searches. The three putative can-
didate sequences and a scrambled sequence with no significant
homology were listed in Table 1. Transfections were performed
with a Lipofectamine 2000 kit (Invitrogen) according to the man-
ufacturer’s instructions. Cells (1–3 � 106) grew to a confluency of
50–60% in 10 cm Petri dishes were transfected with siRNA
sequence or their relative mock sequences, then the cells were
observed under fluorescence microscope and harvested 48 hrs
after transfection.

Statistical analysis

Statistical analysis of the data was done by using GraphPad
Prism 4. Student’s t-test was used to compare between mean 
values of two groups. Final values are expressed as mean 


S.E.M. A difference of at least P � 0.05 was considered statisti-
cally significant.

© 2011 The Authors
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Table 1 Sequence of the oligonucleotides for real-time PCR and
siRNA construct-making assays

Assays Gene Sequence (5� →→ 3�)

Real-time
PCR

iNOS F CAGCTGGGCTGTACAAACCTT

R CATTGGAAGTGAAGCGTTTCG

�-actin F CTCCATCCTGGCCTCGCTGT

R GCTGTCACCTTCACCGTTCC

iNOS siRNA Sequence 1 Sense AUUGUACUAUUGUGGACUAdTdT

Antisense UAGUCCACAAUAGUACAAUdAdC

Sequence 2 Sense AGUAUUAUGGCUCCUUUAATT

Antisense UUAAAGGAGCCAUAAUACUdGdG

Sequence 3 Sense CACAGCAAUAUAGGCUCAUTT

Antisense AUGAGCCUAUAUUGCUGUGdGdC

Control Sense UUCUCCGAACGUGUCACGUTT

Antisense ACGUGACACGUUCGGAGAATT
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Results

MSCs pretreated by proinflammatory cytokines
promotes the development of B16 melanoma
cells in vivo

MSCs adhered to the plastic surface, presenting a small popula-
tion of single cells which were spindle-shaped and contained one
nucleus after 72 hrs of the primary culture. During 7 to 10 days
after the initial plating, the cells looked like long spindle-shaped
fibroblastic cells and began to form colonies. MSCs could 
differentiate into adipocytes and osteoblast-like cells. The surface
antigen profile of mouse MSCs was detected by flow cytometry
was positive for CD90, CD105 and CD29 and negative for CD34
and CD45 (Fig. 1A, B)

To investigate whether BM-derived MSCs could favour the
growth of B16 cells in inflammatory microenvironment, the MSCs,
which were pre-incubated or not with the inflammatory cytokines
IFN-� and TNF-�, were subcutaneously co-injected with B16 cells
in syngeneic C57BL/6 mice. Tumour nodules were firstly formed
in the group of MSCs that was pre-incubated with the inflamma-
tory cytokines IFN-� and TNF-�. We found the growth of tumour
that was mixed with MSCs was faster than that of B16 cells alone.
Compared with MSCs unpretreated or pretreated with either IFN-�
or TNF-�, the ones pretreated with both inflammatory cytokines
displayed the most striking tumour-stimulating effect (Fig. 1C).

The rejection from Balb/c mice on B16 melanoma
cells are reduced by the MSCs treated with 
proinflammatory cytokines

We implanted B16 melanoma cells in Balb/c mice with MSCs,
which were pre-incubated or not with the inflammatory cytokines,
to test the immunosuppression properties of MSCs that favour the
B16 melanoma cells escaping from the rejection of Balb/c mice.
While B16 melanoma cells developed into tumours rapidly after
implanted subcutaneously in C57BL/6 mice, they were fully
rejected in Balb/c mice, indicating no tumour formation at all.
Once we implanted B16 melanoma cells mixed with MSCs in
Balb/c mice, the incidence of tumour increased. Moreover, the
tumour incidence could increase higher if the MSCs were

pretreated with proinflammatory cytokines before they were mixed
with B16 cells (Fig. 2A). These results indicate that MSCs have the
ability to assist the B16 cells escaping from immune surveillance
and this capacity is induced by proinflammatory cytokines.

The immunosuppressive function of MSCs
depended on proinflammatory cytokines treatment

We examined the effect of proinflammatory cytokines on immuno-
suppressive function of MSCs by co-cultured the MSCs with
splenocytes. The splenocytes were activated with ConA followed
by expansion with IL-2 for 3 days. We cocultured the activated
splenocytes with MSCs that were pre-treated with or not with 
IFN-� and TNF-�. The results showed that MSCs could not inhibit
the proliferation of splenocytes. And if we pretreated MSCs with
proinflammatory cytokines IFN-� and TNF-�, the inhibitory effect
of MSCs on splenocytes proliferation were arised (Fig. 2B). We
also cocultured proinflammatory cytokines pretreated MSCs with
activated splenocytes at graded ratios and found that the prolifer-
ation of splenocytes was blocked by MSCs at ratios as low as 1:50
(MSC to splenocyte) (Fig. 2C). These observations suggest that
the MSCs immunosuppressive ability can be induced by proin-
flammatory cytokines IFN-� and TNF-�.

MSCs exert immunosuppression
requires nitric oxide

High concentrations Nitric oxide is known to inhibit T-cell
responses [21]. We examined whether iNOS and nitric oxide
expression could increase in MSCs that were exposed to proin-
flammatory cytokines. MSCs were treated with IFN-� and TNF-�,
and the level of iNOS mRNA was assayed by real-time PCR. As
was shown in the histogram and electropherogram, iNOS mRNA
was up-regulated significantly in MSCs after being exposed to
proinflammatory cytokines (Figure 3A).

To investigate the role of nitric oxide, its production was shut
down using siRNA to inhibit the expression of iNOS and a selective
inhibitor of iNOS activity, 1400W. All the three candidate sequences
could effectively inhibit iNOS expression in MSCs stimulated by
IFN-� and TNF-� (data not shown). As shown in Figure 3B, the

© 2011 The Authors
Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

Fig. 1 MSCs treated with proinflammatory cytokines favour the growth of tumour. (A) MSCs at passage 8 were grown under different conditions that
favour differentiation into either adipocytes (for 14 days), or osteoblasts (for 14 days), as described in ‘Materials and methods’. The presence of triglyc-
erides, characteristic of adipocytes, was revealed by staining with oil red O. Calcium deposition, indicative of osteoblasts, was stained with Von Kossa
stain. (B) MSCs derived from C57BL/6 mice were stained with commercially available antibodies to analysis the surface marker by flow cytometry (red).
Corresponding antibodies of the same isotype were used as controls (white). (C) C57BL/6 MSCs (1 � 106) were pretreated with proinflammatory
cytokines IFN-� and TNF-� (20 ng/ml each) for 12 hrs and then mixed with B16 melanoma cells (5 � 106) to perform subcutaneous administration in
the C57BL/6 mice armpit area. After 14 days of implantation, the animals were sacrificed and tumours were dissected. The weight and volume of B16
tumours were measured. The weight of tumour were measured after been removed from the mice. (*P � 0.05).
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transfection efficiency of iNOS siRNA labelled with FAM (commonly
used fluorophores, which is attached at the 5	 end of Taqman
probe) was more than 70% through observed under fluorescence
microscope. Real-time PCR was performed to assess the expres-
sion of iNOS in MSCs to further confirm the transfection efficiency
of iNOS siRNA. Compared with the MSCsvector stimulated by both
IFN-� and TNF-�, the expression of iNOS was markedly decreased
in MSCssi-iNOS stimulated by both IFN-� and TNF-�, which showed
a more than 90% inhibitory efficiency (Fig. 3C).

In mixed cocultures of splenocytes and MSCs pre-stimulated
by IFN-� and TNF-�, splenocytes proliferation was restored to

normal level by si-iNOS and 1400W (Fig. 3D). These results
strongly suggest that nitric oxide produced by proinflammatory
cytokine-induced MSCs mediates the suppression of splenocytes.

The growth of B16 melanoma favoured by MSCs
in vivo can be inhibited by iNOS inhibitor and
siRNA of iNOS

As was showed above that the growth of B16 cells was enhanced
by MSCs that had been pretreated with inflammatory cytokines

© 2011 The Authors
Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

Fig. 2 The rejection from Balb/c mice on
B16 melanoma cells are reduced by the
MSCs treated with proinflammatory
cytokines. (A) Balb/c MSCs (1 � 106)
were pretreated with inflammatory
cytokines IFN-� and TNF-� (20 ng/ml
each) for 12 hrs and then mixed with
B16 melanoma cells (5 � 106) to per-
form subcutaneous administration in the
Balb/c mice armpit area. Tumour inci-
dence was observed to evaluate the
immunosuppressive function of MSCs
that assisted the B16 melanoma cells
from escaping the immunological rejec-
tion of Balb/c mice. As negative controls,
B16 cells or MSCs alone were injected in
Balb/c mice. (B) C57BL/6 MSCs were
pretreated with inflammatory cytokines
IFN-� and TNF-� (20 ng/ml each) for 
12 hrs. Fresh C57BL/6 splenocytes were
activated by ConA (5 �g/ml) for 72 hrs
and IL-2 (20 ng/ml) was added for pro-
liferation. MSCs were cocultured in a 
96-well with splenocytes (1 � 105/well)
plate at a 1:10 ratio and cell proliferation
was assessed 72 hrs later by 3H-Tdr
incorporation. (C) MSCs were mixed
with splenocytes (1 � 105/well) at differ-
ent ratios (1:500, 1:250, 1:50, 1:10), and
the proliferation was assessed 72 hrs
later (*P � 0.05).
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IFN-� and TNF-� both compared with control groups. The
enhancement might be correlated with MSCs immunosuppressive
function that could help B16 melanoma cells to escape from the
local immunosurveillance. The immunosuppressive capability of
MSCs was dependent upon the expression of iNOS which was
induced by inflammatory cytokines. Therefore, we demonstrated
that the stimulating effect of MSCs on allograft tumour growth
could be inhibited by iNOS inhibitor – 1400W and iNOS siRNA

(Fig. 4A). The result of tumour volume was same as the weight
(data not shown). And the tumour incidence of B16 melanoma
cells that had been co-injected with MSCs, which were pretreated
with inflammatory cytokines, in Balb/c mice was reduced signifi-
cantly after the use of 1400W and siRNA of iNOS (Fig. 4B). These
data support that immunosuppression mediated by MSCs via
nitric oxide play an important role in favouring the escape of B16
melanoma cells from immune surveillance.

© 2011 The Authors
Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

Fig. 3 Immunosuppression by MSCs requires nitric oxide. (A) C57BL/6 MSCs were pretreated with proinflammatory cytokines IFN-� and TNF-� (20 ng/ml
each) for 12 hrs. iNOS mRNA in MSCs was assayed by real-time PCR and compared to �-actin mRNA, defined as 100 arbitrary unit. The electrophero-
gram of iNOS cDNA demonstrated the same result as real-time PCR. (B) Transfections of iNOS siRNA into MSCs were performed with a Lipofectamine,
and FAM was observed under fluorescence microscope (right, �200). (C) Real-time-PCR result showed that the expression of iNOS was markedly
decreased in MSCssi-iNOS stimulated by both IFN-� and TNF-�, the inhibitory efficiency was more than 90% compared with the MSCsvector stimulated by
both IFN-� and TNF-�. (D) MSCs from C57BL/6 mice were cocultured with fresh C57BL/6 splenocytes plus Con A and IL-2, with or without the iNOS
inhibitor – 1400W (100 �M) and siRNA of iNOS. Cell proliferation was assayed by 3H-Tdr incorporation after 72 hrs.

Fig. 4 The growth of tumour favoured
by MSCs in vivo can be inhibited by
iNOS inhibitor. (A) C57BL/6 MSCs (1 �
106) were pretreated with inflammatory
cytokines IFN-� and TNF-� (20 ng/ml
each) for 12 hrs and then mixed with
B16 cells (5 � 106) to perform subcu-
taneous administration in the C57BL/6
mice armpit area. On days 2, 5, 8 and
11 after implantation, recipients were
injected i.p. with iNOS inhibitor –
1400W. After 14 days of implantation,
the animals were sacrificed and
tumours were dissected. The weight
and volume of B16 tumours were meas-
ured. Transfections of iNOS siRNA into
C57BL/6 MSCs were performed with a
Lipofectamine. Then the MSCssi-iNOS

stimulated by both IFN-� and TNF-� for
12 hrs before been mix with B16
melanoma cells (5 � 106) to perform
subcutaneous administration in the
C57BL/6 mice armpit area. After 
14 days of implantation, the animals
were killed and tumours were dissected.
The weight and volume of B16 tumours
were measured. (B) Balb/c MSCs (1 �
106) were pretreated with inflammatory
cytokines IFN-� and TNF-� (20 ng/ml
each) for 12 hrs and then mixed with
B16 melanoma cells (5 � 106) to per-
form subcutaneous administration in
the Balb/c mice armpit area. On days 2,
5, 8 and 11 after implantation, recipi-
ents were injected i.p. with iNOS

inhibitor – 1400W. Tumour incidence was observed. Transfections of iNOS siRNA into Balb/c MSCs were performed with a Lipofectamine. Then the
MSCssi-iNOS stimulated by both IFN-� and TNF-� for 12 hrs before been mixed with B16 melanoma cells (5 � 106) to perform subcutaneous administra-
tion in the Balb/c mice armpit area. Tumour incidence was observed.
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Discussion

MSCs play an important role in treating various degenerative dis-
eases and immune disorders. They have great potential for cor-
recting aberrant immune reactions. Previous studies showed that
these cells could be expanded and induced ex vivo, terminally dif-
ferentiate into osteoblasts, chondrocytes, adipocytes, myotubes,
neural cells and haematopoietic supporting stroma [1, 2, 22]. And
the immunosuppression demonstrated by MSCs has been
reported in several studies [5–8]. However, in certain circum-
stances the property of immunosuppression may display negative
effects such as the promotion of tumour growth. Ren et al. have
shown that the immunosuppressive function of MSCs is elicited
by proinflammatory cytokines and the immunosuppression of
MSCs is through the concerted action of chemokines and nitric
oxide [17]. MSCs have a tropism for tumours [20] and the inci-
dence and development of tumour is always accompanied with
proinflammatory cytokines. Therefore it is important to investigate
the effect of MSCs favouring tumour growth in inflammatory envi-
ronment. To investigate this hypothesis, we assessed the role of
MSCs in inflammatory environment in the development of tumour
by B16 melanoma cells implanted in allogeneic mice.

Our results demonstrate that tumour growth is faster when
B16 melanoma cells were co-injected with MSCs pre-incubated
with IFN-� and TNF-� compared with control groups. Moreover,
the tumour incidence improves obviously in allogeneic recipients
when the B16 melanoma cells were co-injected with MSCs pre-
incubated with IFN-� and TNF-�. We then demonstrated that the
immunosuppressive function of MSCs was elicited by IFN-� and
TNF-�. These cytokine combinations provoke the expression of
iNOS by MSCs. The impulsive effect of MSCs treated with inflam-
matory cytokines on B16 melanoma cells in vivo can partly be
reversed by iNOS inhibitor. Our results suggest that the MSCs in
tumour inflammatory microenvironment may be elicited of
immunosuppressive function, which will help the tumour to
escape from the immunity surveillance.

Recent studies have shown that MSCs displayed an ability to
favour tumour growth under certain circumstances. Djouad et al.
showed that MSCs had displayed side effects related to systemic
immunosuppression favouring tumour growth in vivo [18]. Hall 
et al. have also shown that stromal cells overexpressing VCAM-1

enhanced survival of leukemic cells in a PI-3 kinase dependent
manner, compared with stromal cells expressing only endogenous
vascular cell adhesion molecule (VCAM)-1 [23]. On the contrary,
MSCs have been reported to be anti-tumorigenic in a mouse
model of Kaposi’s sarcoma by inhibiting Akt activity [19]. Our
study implies that inflammatory cytokines may be the key factors
that regulate the effect of MSCs on tumour growth. The presence
of an active immune reaction in tumour environment can lead the
MSCs that localized in tumour to acquire immunosuppressive
function. On the other hand, the absence of active inflammation in
tumour may not only abstract MSCs to localize but also induce
them to be immunosuppressive.

Although MSCs have acquired many interests for their poten-
tial use in clinical therapy, there are still lots of unsolved problems,
which limit the application of MSCs. The study of MSCs clinical
application for tissue engineering and regenerative medicine
needs to pay attention to the local microenvironment. Our results
suggest that the MSCs in tumour inflammatory microenvironment
may be elicited of immunosuppressive function, which will help
the tumour to escape from the immunity surveillance. Therefore,
the use of MSCs in clinical treatment, especially in cancer therapy,
should be extremely cautious.
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