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Nowadays, some evidences demonstrate that human mesenchymal stem cells (hMSCs) favor tumor growth; however, others show that
hMSCs can suppress tumorigenesis and tumor growth.With the indeterminateness of the effect of hMSCs on tumors, we investigated the
effect of hMSCs on lung cancer cell line A549 and esophageal cancer cell line Eca-109 in vitro and in vivo. Our results revealed that hMSCs
inhibited the proliferation and invasion of A549 and Eca-109 cells, arrested tumor cells in the G1 phase of the cell cycle and induced the
apoptosis of tumor cells in vitro by using a co-culture system and the hMSCs-conditioned medium. However, animal study showed that
hMSCs enhanced tumor formation and growth in vivo. Western blotting and immunoprecipitation data showed that the expressions of
proliferating cell nuclear antigen (PCNA), Cyclin E, phospho-retinoblastoma protein (pRb), B-cell lymphoma/leukemia-2 (Bcl-2), Bcl-xL,
and matrix metalloproteinase 2 (MMP-2) were downregulated and the formation of Cyclin E-cyclin-dependent kinase 2 (CDK2)
complexeswas inhibited in the tumor cells treatedwith the hMSCs-conditionedmedium. According to the observation of tumormass and
the result of microvessel density (MVD), we found that the promoting role of hMSCs on tumor growth was related with the increase of
tumor vessel formation. Our present study suggests that hMSCs have a contradictory effect on tumor cell growth between in vitro and in
vivo, and therefore, the exploitation of hMSCs in new therapeutic strategies should be cautious under the malignant conditions.
J. Cell. Physiol. 226: 1860–1867, 2011. � 2010 Wiley-Liss, Inc.

Mesenchymal stem cells (MSCs), the stromal progenitor stem
cells found in the bone marrow (BM), which can be defined
according to its ability to self-renew and differentiate into
tissues of mesodermal and non-mesodermal cell lineages
(osteocytes, adipocytes, chondrocytes, myocytes,
cardiomyocytes, fibroblasts,myofibroblasts, epithelial cells, and
neurons), play a crucial role in supporting hematopoiesis
(Pittenger et al., 1999; Zhang et al., 2003). Due to their
differentiation plasticity, MSCs have been widely used in cell
therapy and tissue regeneration fields, such as bone and
cardiovascular repair (Mathiasen et al., 2009; Undale et al.,
2009). Human mesenchymal stem cells (hMSCs) used in the
experiment are mostly acquired from adult BM. There is
evidence showing that hMSCs have a potent
immunosuppressive ability by inhibiting T-lymphocyte
proliferation and thus suppressing graft-versus-host disease (Di
Nicola et al., 2002; Le et al., 2004). In addition, hMSCs have
received intensive attention in the field of tumors. On the one
hand, along with their property of migrating to tumor sites,
hMSCs have been regarded as the most promising delivery
vehicle for a cell-based targeted cancer gene therapy in the
future (Roorda et al., 2009); on the other hand, many studies
indicate that hMSCs have several tumor-growth promoting
functions in the tumor microenvironment, including expressing
growth factors, enhancing tumor vessel formation, and creating
tumor stem cell niches (Roorda et al., 2009).

However, there are many contradictory results observed in
the other studies. For example, in the Kaposi’s sarcoma and
hepatoma animal models, hMSCs exerted an anti-tumorigenic
effect by homing to sites of tumorigenesis via the intravenous
injection or developing an animal transplantation model via the
subcutaneous co-injectionwith tumor cell (Khakoo et al., 2006;
Qiao et al., 2008). Thereafter, so far, there has not been a
congruous conclusion on the effect of hMSCs on tumor
progress. In order to better understand how hMSCs affect
tumors, here, we investigated the influence of hMSCs on lung
cancer cell line A549 and esophageal cancer cell line Eca-109
growth in vitro and in vivo. Our findings showed that hMSCs
inhibited tumor cells proliferation and invasion in vitro; but, in
vivo, hMSCs favored tumor formation and growth.

Materials and Methods
Cell culture and preparation of hMSCs-conditioned medium

hMSCs (Cyagen, Chicago) were derived from BM of healthy adults
and cultured in hMSCs growth medium (Cyagen) supplemented
with 10% fetal bovine serum (FBS; Cyagen). Human esophageal
cancer cell line Eca-109 and human lung cancer cell line A549
(SIBCB, Shanghai, China) were cultured in Rosewell’s Park
Memorial Institute (RPMI) 1640 supplemented with 10% FBS
(GIBCO, Gaithersburg) and 100U/ml penicillin and 100mg/ml
streptomycin. All cells were incubated at 378C in 5% CO2

humidified cell culture incubator. When hMSCs were 80–90%
confluent in the culture flasks, the medium was collected, filtered
through a 0.22-mm filter and stored at �808C until used as the
hMSCs-conditioned medium.

Cells co-culture and treatment with conditioned medium

Co-culture systems were established by using a transwell (0.4mm
pore, polycarbonate membrane; Costar, Cambridge) of 6-well
plates. A549 or Eca-109 cells suspensions (1ml, 5� 10 cells) were
loaded in the upper inserts, and hMSCs cell suspensions (2ml,
5� 105 cells) were put into the lower compartment of the culture
well. The lower compartment of control groups had only hMSCs
growth medium (2ml) not containing FBS. Every group had three

Contract grant sponsor: National Natural Science Foundation of
China;
Contract grant number: 30571844.
Contract grant sponsor: Shandong Province Natural Science
Foundation in China;
Contract grant number: 2009ZRB14005.

*Correspondence to: Hui Tian, Department of Thoracic Surgery,
Qilu Hospital, Shandong University, 107#, Wenhua Xi Road, Jinan
250012, P.R. China. E-mail: qilutianh@163.com

Received 6 July 2010; Accepted 21 October 2010

Published online in Wiley Online Library
(wileyonlinelibrary.com), 10 November 2010.
DOI: 10.1002/jcp.22511

ORIGINAL RESEARCH ARTICLE 1860
J o u r n a l  o fJ o u r n a l  o f

Cellular
Physiology
Cellular
Physiology

� 2 0 1 0 W I L E Y - L I S S , I N C .

Ken
高亮

Ken
高亮

Ken
高亮



wells. The number of tumor cells in the inserts of the co-culture
systems was counted bymicroscope after incubating for 48 h. Cells
in every insert were counted for three times, and the results were
the mean value.

For the observation of the effect of hMSCs-conditionedmedium
on tumor cell proliferation, A549 and Eca-109 cells were,
respectively, inoculated at a density of 5� 105 cells per well
of 6-well plates in the mixture of tumor cell culture medium
(supplemented with 10% FBS) and hMSCs-conditioned medium
(1:1); as controls, tumor cells grew in the mixture of tumor cell
culture medium (supplemented with 10% FBS) and hMSCs growth
medium not containing FBS (1:1). Every group had three wells.
After cultured for 48 h, tumor cells per well were, respectively,
collected and counted, and the results were the mean value.

Flow cytometric analysis

For cell cycle and apoptosis analysis, A549 or Eca-109 cells were
cultured in the mixture of RPMI 1640 medium supplemented with
2% FBS which favors apoptosis and hMSCs-conditioned medium
(1:1), and as controls, the cells were cultured with in the mix
medium of RPMI 1640 medium supplemented 2% FBS and hMSCs
growth medium not containing FBS (1:1). After 24 h, a portion of
tumor cells were collected and fixed with 70% ice-cold ethanol for
cell-cycle analysis using Cell Cycle Detection Kit (KeyGEN,
Nanjing, China) including RNase A and propidium iodide (PI). The
rest of tumor cells were cultured for additional of 24 h (total 48 h)
and collected by digesting with 0.25% trypsin without EDTA for
apoptosis analysis using Annexin V-FITCCell Apoptosis Detection
Kit (KeyGEN) including Binding Buffer, Annexin V-FITC, and PI.
The cell cycle and apoptosis were analyzed by flow cytometry
(FACSCalibur, Franklin Lakes). Datawere analyzed by the software
ModFit and WinMDI2.9.

Assay of caspase-3 activity

Cellular caspase-3 activity was determined by use of colorimetric
assay kits (Beyotime Institute of Biotechnology, China). At first,
A549 or Eca-109 cells were cultured in the mixture of RPMI 1640
medium supplemented with 2% FBS and hMSCs-conditioned
medium (1:1); as the control, cells were cultured in themixmedium
of RPMI 1640 medium supplemented with 2% FBS and hMSCs
growth medium not containing FBS (1:1). After cultured for 48 h,
cells were treated according to the manufacturer’s instructions.
Cell lysates were prepared and assays were performed on 96-well
microtiter plates by incubating 10ml protein of cell lysate per
sample in 80ml reaction buffer (1% NP-40, 20mM Tris–HCl,
137mM Nad, and 10% glycerol) containing 10ml caspase-3
substrate (Ac-DEVD-pNA). Lysates were incubated at 378C for
4 h. Samples were measured with the Microplate Reader (Rayto,
Shenzhen, China) at an absorbance of 405 nm. Caspase-3 activities
were expressed as the percentage of enzyme activity compared to
control. All experiments were carried out in triplicate.

Cell invasion experiment

Transwell chambers (6.5mm diameter inserts, 8.0mm pore,
polycarbonate membrane; Costar) of 24-well plates were used in
cell invasion experiments. The membrane at the bottom of the
transwell chamber was evenly coated with 50ml Matrigel (BD,
Franklin Lakes) before adding cells suspensions. Tumor cells were
cultured for 24 h in the mixture of tumor cell culture medium and
hMSCs-conditioned medium (1:1), and in control groups tumor
cells were cultured for 24 h in the tumor cell culture medium
supplemented with 50% hMSCs growth medium not containing
FBS, and then tumor cells were collected and resuspended in the
FBS-free RPMI 1640 medium at a concentration of 5� 105 cell
per ml by cell counting for three times. Then, the cell suspensions
were put into the upper compartment of the transwell chambers
(200ml/well), and RPMI 1640 medium containing 10% FBS was put
into the lower compartment (600ml/well). After cultured at 378C

for 24 h, the cells that did not penetrate the polycarbonate
membrane at the bottom of the chamber were wiped off with
cotton stickers. The membrane was removed and fixed with
methanol and stained with Wright’s Stain or eosin solution. Five
vision fields were randomly selected under a ZX81 microscope
(Olympus, Tokyo, Japan) and the number of cells that penetrated
the membrane was counted. Each group consisted of four
duplicates. The invasion inhibition rate was calculated using the
following equation: invasion inhibition rate¼ (number of counted
cells in the control group� number of counted cells in the group
treated with hMSCs-conditioned medium)/number of counted
cells in the control group� 100%.

Western blotting and immunoprecipitation

Eca-109 or A549 cells were cultured in the mixture of tumor cell
culture medium and hMSCs conditioned medium (1:1) for 24 h; in
control groups, tumor cells were cultured in the tumor cell culture
medium supplemented with 50% hMSCs growth medium not
containing FBS. For Western blotting assay, derived separately
fromEca-109 orA549 cells by the treatment of lysis buffer, 25mg of
proteins were subjected to SDS–PAGE analysis, transferred to
nitrocellulose membranes and incubated with primary antibodies
against proliferating cell nuclear antigen (PCNA), Cyclin D1, Cyclin
E, pRb, phospho-retinoblastoma protein (phospho-pRb), P27, B-
cell lymphoma/leukemia-2 (Bcl-2), Bcl-xL, Bax (Labvision,
Fremont), matrix metalloproteinase 2 (MMP-2) andb-actin (Sigma,
St. Louis). Protein bands were detected using an enhanced
chemiluminescence reagent (Sigma) following incubation with
horseradish peroxidase-conjugated secondary antibodies (Sigma).
Optical band density was quantified (Imager of Alpha Corporation,
San Leandro). In order to accomplish the immunoprecipitation
assay, 500mg of protein from cell lysates of A549 and Eca-109 was
pre-cleared with protein A-Sepharose (Amersham Pharmacia,
Uppsala, Sweden), followed by immunoprecipitation using
monoclonal anti-cyclin-dependent kinase 2 (CDK2; Santa Cruz,
Santa Cruz) antibody. Immune complexes were harvested with
protein A, and then immunoprecipitated proteinswere analyzed by
SDS–PAGE, as above. Immunodetection was carried out by using
monoclonal anti-CDK2 and -Cyclin E antibodies.

Animal experiments

Six-week-old female BALB/c nude mice were obtained from the
Institute of Zoology, Chinese Academy of Sciences. All procedures
were carried out in accordance with the advice and permission of
the Institutional Ethical Committee. Tumor cells and hMSCs were
prepared either as single-cell type suspensions (5� 106 A549 or
Eca-109 cells in 0.1ml PBS) or amix of cells (5� 106 tumor cells and
1� 106 hMSCs in 0.1ml PBS). Cells were injected subcutaneously
at one site of the back of nude mice. Mice were examined one time
at 5 days and tumor growth was evaluated by measuring the length
andwidth of tumormass. Palpable tumors at the injection siteswith
a size of more than 3mm in diameters were monitored as a tumor.
At the end of the experiment, animals were killed and tumor
masses were removed and fixed in 10% neutral buffered formalin
solution for histologic preparations.

Immunohistochemistry

All tumor masses fixed in 10% neutral formalin were embedded in
paraffin at 558C, and cut into parallel consecutive 4-mm thick
sections for the subsequent immunohistochemical study. Briefly,
the endogenous peroxidase activitywas blockedwith 0.1%H2O2 in
methanol for 20min. The sections were permeabilized with
ethylene diamine tetraacetic acid (EDTA) buffer solution (pH 9.0)
for 15min with microwave. Then, the sheep serumwas applied for
30min to prevent unspecific adherence of serumproteins followed
by treatment with primary antibody (mouse anti-CD34 diluted for
1:100; Serotec, Oxford, UK) at 378C for 2 h. After washed with
PBS, sections were then incubated with biotin labeled secondary
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antibody (goat anti-mouse HRP IgG; Serotec) diluted for 1:100 at
378C for 30min and washed with PBS. Peroxidase conjugated
streptavidin was added for 20min and then washed with PBS.
Finally, sections were developed with 3,3-diaminobenzidine and
hydrogen peroxide and counterstained with hematoxylin. For the
negative control, PBS was used instead of primary antibody. The
sections were analyzed by light microscopy.

Detection of microvessel density (MVD)

MVD was assessed by immunohistochemical analysis with
antibodies to the endothelial marker CD34 according to the
method of Weidner et al. (1991). Briefly, three most vascularized
areas detected by CD34 were initially selected (so-called hot
spots) under 40� field. Then,microvesselswere counted in each of
these areas under a 200� field. Any yellow brown stained single
endothelial cell or clusters of endothelial cells, with or without a

Fig. 1. Proliferation of tumor cells is inhibited by hMSCs in vitro.
A: Eca-109 andA549 cells were, respectively, co-culturedwith hMSCs
by using the transwell co-culture systems or treated with the hMSCs-
conditioned medium for 48 h, and then, cells were harvested for
counting.Theresultsareshownaspercentageofcellnumber(mean)in
comparison with that of controls not co-cultured with hMSCs or not
treatedwith hMSCs-conditionedmedium (MP<0.01). B:After treated
withthehMSCs-conditionedmediumfor24 h, tumorcellsaccumulate
inG1phase by flow cytometric analysis for cell cycle. The results were
the means (WSD) of three independent experiments.

Fig. 2. hMSCs induce tumor cells apoptosis in vitro. A: A549
and Eca-109 cells cultivated in the presence or absence of the
hMSCs-conditionedmedium for 48 hwere tested for cell apoptosis by
flow cytometric analysis. The figures are representative of three
experiments. B: The apoptotic rates of A549 and Eca-109 cells
untreated or treated with hMSCs-conditioned medium. C: The
relative caspase-3 activity in A549 and Eca-109 cells treated with the
hMSCs-conditioned medium for 48 h as compared to untreated
control. The results were the means (WSD) of three experiments
(MP<0.01).
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lumen, were considered to be individual vessels. Themean value of
three 200� field counts was recorded as the MVD of the section.
All counts were performed by three investigators in a blinded
manner. Microvessel counts were compared between the
observers and discrepant results were reassessed. The consensus
was used as the final score for analysis.

Statistical analysis

All statistical analyses were performed using SPSS 15.0 software
package. Statistical significance was assessed by comparing mean
values (means� SD). The significance level was set at P< 0.05.

Results
Proliferation of tumor cells is inhibited by hMSCs in vitro

There has been the evidence showing that the hMSCs-induced
inhibition of tumor cells proliferation was mediated by the
soluble factors in the hMSCs-conditioned medium released
from hMSCs cultures (Qiao et al., 2008). Consistently, we
obtained supportive results. In the co-culture systems, the
numbers of Eca-109 and A549 cells co-cultured with hMSCs for
48 h were, respectively, 8.61� 0.87� 105 and
9.46� 0.93� 105. However, the numbers of Eca-109 and A549
cells of control groups were, respectively, 13.46� 0.83� 105

and 14.33� 1.03� 105. As compared to control groups, the
hMSCs-induced inhibitory effect on tumor cells proliferation
was conspicuous (P< 0.01). Similar to the co-culture, the
numbers of Eca-109 and A549 cells treated with hMSCs-
conditioned medium (8.97� 0.18� 105 and
10.05� 0.19� 105) also dramatically decreased as compared
to controls (12.92� 0.29� 105 and 14.03� 0.35� 105)

(P< 0.01), and moreover, the inhibitory effect of treatment
with conditioned medium on tumor cells proliferation
approximated to that of co-culture (Fig. 1A). Besides, cell cycle
assay by flow cytometry showed that the proportion of G1
phase of Eca-109 and A549 cells treated with the hMSCs-
conditioned medium was far higher than that of the control
groups (P< 0.01, Fig. 1B). This demonstrated that hMSCs could
prevent the normal running of tumor cell cycle and inhibit the
proliferation of tumor cells.

hMSCs promote the apoptosis of tumor cells in vitro

In order to investigate the effect of the hMSCs-conditioned
medium on the apoptosis of tumor cells, we tested the
apoptotic rate of A549 and Eca-109 cells treated with the
hMSCs-conditioned medium by flow cytometry. Our findings
showed that the apoptotic rate significantly increased when
tumor cells were cultured in themixture of RPMI 1640medium
and hMSCs-conditioned medium (P< 0.01, Fig. 2A,B). In
addition, since the activation of caspase-3 proteases is crucial in
apoptotic cell death (Kumar and Lavin, 1996), we also
determined the caspase-3 activity in tumor cells treated with
the hMSCs-conditioned medium. The results showed that
there was a significant and nearly twofold increase in caspase-3
activity in the treated tumor cells as compared to controls
(P< 0.01, Fig. 2C).

Invasion of tumor cells is inhibited by the hMSCs-
conditioned medium

A549 and Eca-109 cells that penetrated the membrane
displayed, respectively, red and purple by stain with eosin

Fig. 3. Invasion of tumor cell is inhibited by the hMSCs-conditioned medium. Red A549 cells and purple Eca-109 cells that penetrated the
polycarbonate membrane by stain with eosin solution andWright’s Stain solution were counted (magnification, 200T). A549 and Eca-109 cells
were cultivated in thepresence (B,D)or absence (A,C)of hMSCs-conditionedmedium for 24 hbefore cell suspensionswereput into the transwell
chambers. Figures were the representatives of invasion experiments.
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solution and Wright’s Stain solution (Fig. 3). The numbers of
tumor cells treated with the hMSCs-conditioned medium
that penetrated the membrane were significantly reduced as
compared to controls (P< 0.01). The invasion inhibition rates
of A549 and Eca-109 cells were 32% and 34%, respectively
(Table 1).

Molecular changes in the tumor cells induced by the
hMSCs-conditioned medium

PCNA, Bcl-2 family members (Bcl-2, Bcl-xL, and Bax) andMMP-
2 are, respectively, associated with the proliferation, apoptosis,
and invasion of tumor cells. In order to find out the molecular
mechanism underlying the inhibitory effect of hMSCs on tumor
cells in vitro, we investigated the expressions of these proteins
in tumor cells by Western blotting. The results showed that
treatment of A549 and Eca-109 cells with hMSCs-conditioned
medium resulted in the significant downregulation of
expression levels of PCNA, Bcl-2, Bcl-xL, and MMP-2 as
compared to controls (Fig. 4A,B). In addition, Cyclin D1,

TABLE 1. Suppressive effect of hMSCs on invasion of A549 and Eca-109

cells

Groupa

Invasion

Cell numberb Inhibition ratec (%) P-value

A549 con 91.66� 6.51
A549 treated 62.67� 9.07 32 P< 0.01
Eca-109 con 71.33� 8.02
Eca-109 treated 47.34� 7.09 34 P< 0.01

aA549 or Eca-109 con: control groups untreated with hMSCs-conditionedmedium; A549 or
Eca-109 treated: the groups treated with hMSCs-conditioned medium.
bThe number of A549 and Eca-109 cells that penetrated the polycarbonate membrane
(means� SD, n¼ 4).
cInhibition rate¼ (number of counted cells in the control group� number of counted cells in
the group treated with hMSCs-conditioned medium)/number of counted cells in the control
group� 100%.

Fig. 4. Molecular changes in tumor cells induced by the hMSCs-conditionedmedium in vitro. A: The expressions of PCNA, Cyclin D1, Cyclin E,
pRb, phospho-pRb, P27, Bcl-2, Bcl-xL, Bax, MMP-2 in tumor cells were detected byWestern blotting. After treated with hMSCs-conditioned
medium(Eca-109RorA549RandhMSCsR) for24 h,Eca-109orA549cellswere lysedand25mgofproteinsweresubjectedtoSDS–PAGEanalysis,
and then transferred to nitrocellulosemembranes and incubatedwith primary antibodies against PCNA,CyclinD1, Cyclin E, pRb, phospho-pRb,
P27,Bcl-2,Bcl-xL,Bax,MMP-2,andb-actin.Eca-109R(orA549R)andhMSCs-onbehalfofthecontroluntreatedwithhMSCs-conditionedmedium.
B:Bargraphrepresentsof thebanddensityvalueof theseproteinsexpressions inEca-109andA549cells treatedwithhMSCs-conditionedmedium
relative to the controls. C: Analysis of Cyclin E–CDK2 complexes in tumor cells following the treatment with hMSCs-conditioned medium:
cell extracts prepared from Eca-109 or A549 cells were immunoprecipitated (IP) with anti-CDk2 antibody. The precipitated complexes were
examined by immunoblotting (IB) usingCyclin E andCDK2antibodies.D:The relative valueof banddensity ofCyclin E–CDK2complexes level in
tumor cells. The results were the means (WSD) of three independent experiments (MP<0.01, MMP<0.001).
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Cyclin E, pRb, phospho-pRb, P27 (a CDK inhibitor), and Cyclin
E–CDK2 are the important cell-cycle regulatory proteins
involved in G1 progression and G1/S transition of cell cycle
(Weinberg, 1995; Yamanouchi et al., 2001). To investigate how
hMSCs can inhibit cell-cycle progression (Fig. 1B), we detected
the expressions of Cyclin D1, Cyclin E, pRb, phospho-pRb, and
P27 by Western Blotting and the formation of Cyclin E–CDK2
complexes by immunoprecipitation. The results showed
the presence of hMSCs-conditioned medium resulted in
the obvious downregulation of Cyclin E expression, the
decrease of pRb phosphorylation (Fig. 4A,B) and the inhibition
of Cyclin E–CDK2 formation (Fig. 4C,D) as compared to
controls.

hMSCs favor tumor formation and growth in vivo

To investigate the effect of hMSCs on the growth of Eca-109
cells and A549 cells in vivo, we assessed the kinetic growth of
tumor cells in BALB/c nudemice. After 10 days, 90% and 80% of
the mice (n¼ 10) co-injected subcutaneously with hMSCs
and respective two tumor cells had developed visible tumors,
whereas only 70% and 60% of the mice (n¼ 10) injected
subcutaneously with A549 cells or Eca-109 cells alone had
formed tumors (Fig. 5A). The mean volume of tumors of the
mice co-injected with hMSCs and tumor cells was dramatically
bigger than that of control groups (P< 0.05, Fig. 5B,C).

Tumor vessel formation increases at the presence of
hMSCs

In order to explore the reason of hMSCs favoring tumor
growth in vivo, we observed the formation of tumor vessels.
First of all, there was much richer vessel distribution found on
the surface of tumor mass of the mice co-injected with hMSCs
and tumor cells (Fig. 6A) than that of controls injected with
tumor cells alone (Fig. 6B). In addition, MVDwas determined by
counting the number of the microvessels per high-power field
(hpf) in the section with an antibody reactive to CD34
(Fig. 6C,D). Compared with the control group injected with
A549 or Eca-109 cells alone, MVD value in the tumors of the
mice co-injected with tumor cells and hMSCs increased
obviously (P< 0.01, Fig. 6E). This result suggests that hMSCs
seem to promote tumor vessel formation to favor tumor
growth in the tumor microenvironment.

Discussion

Solid tumors are composed of tumor cells and supportive non-
tumor components known as tumor stroma, which can be
divided into four main elements, including extracellular matrix
(ECM), cells of the immune system, tumor vasculature, and
fibroblastic stromal cells (Hall et al., 2007). In mouse models as
well as in humans, there is evidence that tumor stromal cells
could be derived from BM-derived progenitor cells believed
to originate from hematopoietic stem cells as well as non-
hematopoietic stem cells, such as mesenchymal stem cells
(MSCs), which can be mobilized into the circulation, migrate
towards tumors, incorporate into the tumor
microenvironment, and contribute to the growth of various
tumors (De et al., 2005; Tondreau et al., 2005; Roorda et al.,
2009). In fact, it has already been widely demonstrated that
hMSCs favor tumorigenesis and tumor growth in vivo by several
means, including differentiating into tumor stromal fibroblasts
(Studeny et al., 2004; Spaeth et al., 2009), promoting tumor
vessel formation (Galmiche et al., 1993; Al-Khaldi et al., 2003;
Hung et al., 2005; Zhu et al., 2006; Liu et al., 2007; Sun et al.,
2008), constructing cancer stem cell niches and inducing
immunosuppressive effect (Djouad et al., 2003;Matsunaga et al.,
2003; Ramasamy et al., 2007). However, there are also the

Fig. 5. In vivo, hMSCs favor tumor formation and growth. 1T 106

hMSCs and 5T106 Eca-109 or A549 cells (alone or as a mix) were
injected subcutaneously into BALB/c nude mice and tumor
development was monitored over time. A: Tumor incidence in the
groups of mice co-injected with tumor cells and hMSCs was higher
than controls injected with tumor cells alone. B,C: The mean tumor
volume of mice that developed tumor was calculated since 15th day
after implantation. Tumor volumeU 1/2T lengthTwidth2. As
compared to control groups, tumor volume in the groups of mice
co-injected was much bigger obviously (MP<0.05).
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evidences showing an opposite result. For example, Khakoo
et al. (2006) described that hMSCs inhibited tumor growth in
Kaposi’s sarcoma models. Qiao et al. (2008) found that hMSCs
could inhibit tumorigenesis in a hepatoma model.

Our findings showed that hMSCs inhibited the proliferation
and invasion of tumor cells A549 and Eca-109, arrested tumor
cells in the G1 phase of the cell cycle and contributed to the
apoptosis of tumor cells in vitro by using the co-culture system

Fig. 6. In vivo, tumor vessel formation is strengthened at the presence of hMSCs. On the 30th day after implantation, themice were killed, and
tumormasseswereremovedandfixedin10%neutralbufferedformalin solution forhistologicpreparations.Thefiguresweretherepresentativeof
themiceco-injectedwithhMSCsandtumorcells(A)orinjectedwithtumorcellsalone(B)andtherepresentativeof immunohistochemicalstaining
of CD34 (magnification, 200T) forMVD in tumors of themice co-injectedwith hMSCs and tumor cells (C) or injectedwith tumor cells alone (D).
Any yellow brown stained single endothelial cells or clusters of endothelial cells, with orwithout a lumen,were considered to be individual vessel.
E:Themiceco-injectedwithtumorcellsandhMSCshaveamuchhigherMVDvalue(meansWSD)ascomparedtocontrols injectedwithtumorcells
alone (MP<0.01).
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and the hMSCs-conditioned medium. The in vitro molecular
data showed that the decrease in the proliferation and invasion
and the increase in the apoptosis of tumor cells were,
respectively, associated with the downregulation of PCNA,
MMP-2, Bcl-2, and Bcl-xL expressions. In addition, the
downregulation of Cyclin E expression, the decrease of pRb
phosphorylation and the inhibition of Cyclin E–CDK2 activity
were the important molecular mechanisms underlying the
hMSCs-mediated arrest of tumor cells in the G1 phase of cell
cycle. It has been reported thatWnt signaling can regulate genes
that are involved in cell metabolism, proliferation, cell-cycle
regulation, apoptosis and invasion including PCNA, Cyclin,
MMP, and Bcl-2 (Baek et al., 2003; Neth et al., 2006). So, we
thought that hMSCs-mediated tumor cell inhibition in vitro was
associated with the Wnt signaling pathway. In vitro results,
similar to ours, have recently been described by Qiao et al.
(2008); they observed that the anti-proliferation effect of the
hMSCs-conditioned medium containing the soluble factors
secreted by hMSCs on tumor cell was similar to the effect
of direct contact of two kinds of cells. Tomchuck et al.
(2008) showed that hMSCs secreted some cytokines and
chemokines, such as CXCL10 interferon-gamma-inducible
protein (IP10), interleukin (IL) 6, IL8, interferon (IFN) 1b, and
tumor necrosis factor a (TNF-a), which possibly played an
important role in the inhibitory effect of hMSCs on tumor cells
in vitro.

However, in vivo, we observed that hMSCs favored tumor
formation and growth in the animal models of lung cancer and
esophageal cancer by the subcutaneous co-injection of tumor
cells and hMSCs in BALB/c nude mice. According to the
observationof tumormass and the result ofmicrovessel density
(MVD), we found that the promoting role of hMSCs on tumor
growth was related with the more formation of tumor vessel in
the animal models with the co-injection of tumor cells and
hMSCs. In fact, there have been evidences showing that hMSCs
can promote tumor vessel formation to favor tumor growth by
the production of pro-angiogenic growth factors and the
differentiation of endothelial-like cells in the tumor
microenvironment (Roorda et al., 2009). In addition, it has been
known that hMSCs can differentiate into tumor stromal
fibroblasts to favor tumor growth in the tumor
microenvironment (Roorda et al., 2009; Spaeth et al., 2009).

According to our studies, we come to a conclusion that
hMSCs have dual characters: on the one hand, hMSCs have the
ability to inhibit the proliferation and invasion of tumor cells in
vitro; on the other hand, in vivo, hMSCs can favor tumor
formation and growth in the tumor microenvironment.
Therefore, we suggest that the exploitation of hMSCs in new
therapeutic strategies should be cautious under the malignant
conditions.
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