
INTRODUCTION

Hepatocellular carcinoma is one of the most common

malignant neoplasms in the world with poor progno-

sis. Due to the restrictions of traditional extensive

sur   gical excision, liver transplantation and chemoem-

bolization towards this malignant disease (Carr, 2004;

Llovet et al., 2005), treatment of hepatocellular carci-

noma requires the development of new therapeutic

approaches (Farmer et al., 1997). Mesenchymal stem

cells (MSCs) are multipotent stem cells (mainly lay in

mesoderm), such as bone marrow, muscle, liver and

a dipose (Bianco et al., 2008). Many researchers have

focused on the bone marrow-derived MSCs because

of the rich amount and efficient aspiration of them

(Tza ribachev et al., 2008). The innate tropism of MSCs

to injured sites (Ji et al., 2004; Satake et al., 2004) and

tumors (Studeny et al., 2002, 2004; Menon et al., 2007)

makes them uniquely destined to function as a poten-

tial therapeutic strategy, acting as a seed cell or track-

ing malignant tissues to deliver anticancer agents with -

in the tumor microenvironment. Sasportas et al. (2009)
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Mesenchymal stem cells (MSCs) have become potential antitumor agents because of their ability
to migrate to tumor cells. MSCs migrated to tumors could remold tumor microenvironment and
affect biological behaviors of both cell types. However, the interplay of MSCs and tumor cells is
still not fully understood, and the precise mechanisms involved in this procedure remains unclear.
In this study, we investigated the effects of conditioned medium from hepatocellular carcinoma
cells (HCC-CM) on migration of rat MSCs (rMSCs) and the possible signal molecules in the mi-
gration process. We found that HCC-CM not only significantly promoted the migration of rM-
SCs, but also induced an increased expression of stromal cell-derived factor-1 (SDF-1) and che -
mo kine (C-X-C motif) receptor 4 (CXCR4) in rMSCs. Western blot showed that ERK1/2 was
strongly activated following the stimuli of HCC-CM. Inhibitor of MEK/ERK1/2 effectively inhi -
bit ed HCC-CM-induced ERK1/2 phosphorylation and rMSCs migration. Moreover, CXCR4 in-
hibitor AMD3100 significantly suppressed HCC-CM-induced phosphorylation of ERK1/2 and
also disrupted HCC-CM-induced migration of rMSCs. These results demonstrated the important
ro le of CXCR4-ERK1/2 signal pathway in HCC-CM-induced rMSCs migration. This study also
pro vides an insight into the molecular mechanism of MSCs migration in response to conditioned
me dium of tumor cells and lays a foundation for modifying MSCs as an emerging tool for cancer
tar geting and therapy.
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explored the engineering potential of MSCs and

show ed that engineered MSCs retained their stem-

like properties with profound anti-tumor effects. MSCs

migrated to tumors could remold the tumor microen-

vironment and affect the behaviors of the two cell ty -

pes, e.g. proliferation, migration, metastasis and so

on. However, the crosstalk between MSCs and tumor

cells is still not fully understood, and the precise mo-

lecular mechanisms involved in MSCs targeted mi -

gra tion are still unclear.

Recently, the research on MSCs has expanded from

specific gene or protein to the receptors or signals in

the microenvironment. Many studies also proved that

MSCs migration was regulated by numerous cytoki -

nes, growth factors, and their receptors (Ponte et al.,

2007). Stromal cell-derived factor-1 (SDF-1), which is

also known as CXCL12, is expressed in a wide range

of normal tissues. Though SDF-1 is a potent chemo-

attractant for hematopoietic cells facilitating their

transmigration through endothelial cell barriers (La -

pi dot & Kollet, 2002), little is known about the role of

SDF-1/CXCR4 in hepatocellular carcinoma cells-in-

duced (HCC-CM-induced) MSCs targeted migration.

Chemokine (C-X-C motif) receptor 4 (CXCR4), a re-

ceptor of SDF-1, is a seven-transmembrane G pro-

tein-coupled receptor (GPCR), and upregulation of

CXCR4 leads to activation of intracellular signaling

cascades. CXCR4 had been shown to be involved in

cell migration and invasion in different cell types, e.g.

blockage of CXCR4 could inhibit the invasion of chon -

drosarcoma both in vivo and ex vivo (Sun et al., 2010).

Park et al. (2011) also reported that CXCR4-trans-

fected human umbilical blood derived mesenchymal

stem cells (hUCB-MSC) exhibited enhanced migra-

tion capacity towards gliomas. An interesting finding

from Shi et al. (2007) was that the increasing of CX-

CR4 expression might be a potential strategy to im-

prove engraftment of human mesenchymal stem cells

(hMSCs) in bone marrow. These findings raised the

possibility that CXCR4 was closely associated with

cell migration.

Though CXCR4 is a regulator on cell membranes

which may affect intracellular signals，CXCR4-medi-

ated downstream signal pathway is not clear. Mito-

gen-activated protein kinase (MAPK) signaling has

been reported to relay the extracellular stimuli to the

nucleus and control the expression of hundreds of ge -

nes, where activation of extracellular signal-regulated

kinase 1/2 (ERK1/2) is a crucial determinant for cel-

lular fate (Blüthgen & Legewie, 2008). ERK1/2 is a

mem ber of MAPK, which could be activated via growth

factors, integrins and so on, and activation of ERK1/2

has been suggested to participate in the migration of

MSCs in mammalian cells (Ramos, 2008). Our previ-

ous study also demonstrated that osteopontin-induc -

ed rMSCs migration was mediated by ERK1/2 signal

molecule (Zou et al., 2012). Recently, neural cell ad -

he sion molecule-modulated mouse mesenchymal stem

cells (mMSCs) migration (Shi et al., 2012) and acety-

choline-induced rMSCs migration were both regulat-

ed through ERK1/2 signal molecule (Tang et al., 2012).

PD98059 is a potent and selective inhibitor of MEK/

ERK kinase. It mediates its inhibitory properties by

binding to the ERK-specific MAP kinase MEK, there-

fore preventing phosphorylation of ERK1/2. PD98059

has been shown to inhibit the migration of di verse

cell types in response to cell matrix signals (Huang et

al., 2004).

In this study, we aimed to examine the effects of

conditioned medium from hepatocellular carcinoma

cells (HCC-CM) on migration of rMSCs and identify

whether signal molecules CXCR4 and ERK1/2 were

in volved in this process.

MATERIALS AND METHODS

Cell isolation and cultivation

The femurs and tibias from 2-month-old Sprague-

Daw   ley rats (Laboratory Animal Center, the Third

Mi litary Medical University, Chongqing, China) were

sawn and the gelatinous bone marrow was extracted

un der sterile conditions. All the procedures have

been approved by Chongqing Science and Technolo-

gy Commision (P.R. of China). Rat mesenchymal

stem cells (rMSCs) were obtained by centrifugation

with 1.073 g ml–1 Percoll (GE Healthcare Europe,

Stockholm, Sweden) density gradients at 2500 rpm

min–1 for 30 min and then cultured in Dulbecco’s

modified Eagle’s medium low glucose (DMEM-LG,

Hyclone, Logan, UT, USA) supplemented with 10%

fetal bovine se rum (FBS, Hyclone, Logan, UT, USA),

100 U ml–1 pe nicillin, and 100 μg ml–1 streptomycin in

a standard incubator under a humidified atmosphere

of 5% CO2 and 95% air at 37°C. The culture medium

was chang ed 2 to 3 times per week and subculture

was perfor med by digestion with 0.25% tripsin-0.02%

EDTA when the cells were nearly confluent. Cells

from passages 2 to 5 were used for experiments.

The rat hepatocellular carcinoma cell (CBRH-

7919) was purchased from the Type Culture Collec-

tion of the Chinese Academy of Sciences (Shanghai,

China). The rat normal hepatocyte cell (BRL-3a) was
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a gift from Dr. Sujun Zeng (Beijing Youan Hospital,

Capital Medical University, Beijing, China). Both of

the two cell types were cultured in DMEM-LG sup-

plemented with 10% FBS, 100 U ml–1 penicillin and

100 μg ml–1 streptomycin in a standard incubator un-

der a humidified atmosphere of 5% CO2 and 95% air

at 37°C.

Preparation of conditioned medium

The conditioned medium of rat hepatocellular carci -

no ma cells (HCC-CM) was collected after 24 hrs in-

cubation with CBRH-7919 in serum free DMEM-LG

(2×105 cells ml–1), centrifuged at 1500 rpm for 5 min

and passed through a 0.22 μm filter, aliquoted and

then stored at –20°C for further use. The conditioned

medium of rat normal hepatocyte cells BRL-3a (NCM)

was collected according to the protocol of HCC-CM

mentioned above.

Cell migration assay

The migration assay was performed using 24-well

trans  well chambers (8 μm, Millipore, Billerica, MA,

USA). Briefly, approximately 2×104 rMSCs were

placed in the upper chamber in serum-free DMEM-

LG. Lower chamber contained 500 μl HCC-CM or

NCM. Eight hrs following the exposure, the cells on

the upper side were gently removed with cotton-tip -

ped swabs, and the cells that had migrated across the

insert membrane were fixed in methanol for 15 min

and then stained with 0.05% crystal violet in PBS for

20 min. Cells on the underside of the filters were exa -

mined and counted manually using a light microsco -

pe. Images were taken with three fields randomly se-

lected from each insert.

MTT assay

MTT (3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyl-te -

tra zolium bromide) assay was performed to evaluate

the effect of HCC-CM on the proliferation of rMSCs

for 8 hrs. A microplate reader (Model 680, Bio-Rad,

Her cules, CA, USA) was used to quantify the forma -

zan after incubation with MTT reagent (5 mg ml–1,

Sigma-Aldrich, Saint Louis, MO, USA) for 5 hrs be-

fore solubilization. Relative proliferation rates were

de termined by normalizing the optical density value

of experimental groups to that of control group.

Inhibition of ERK1/2 activation and SDF-1/CXCR4

ligation 

The MEK/ERK1/2 inhibitor PD98059 (Beyotime, Chi -

na) and CXCR4 small molecule inhibitor AMD3100

(Santa Cruz, CA, USA) were dissolved in dimethyl

sul  foxide (DMSO) respectively and stored at –20°C.

PD98059 and AMD3100 were diluted immediately

before use in the cell culture medium and applied to

rMSCs at a final concentration of 50 μM and 50 μg

ml–1 for 1 hr before HCC-CM stimulation, respecti -

vely.

RNA extraction and Reverse Transcription-Polyme ra -

se Chain Reaction (RT-PCR)

RNA was extracted from rMSCs using RNA extrac-

tion kit (Bioteke, Beijing, China). Reverse transcrip-

tion was carried out by commercial available kit (Ta -

ka ra, Japan) according to the instructions provided by

the manufacturer. Primers for PCR were designed by

Primer Premier 5.0 Software (PREMIER Biosoft In-

ternational, CA, USA) and synthesized by Invitrogen.

Primer pairs used for detection of SDF-1, CXCR4

and β-actin expression are given in Table 1. The reac-

tion mixtures were incubated for 3 min at 97°C, fol-

lowed by 97°C for 15 sec, 55.5°C for 30 sec, 72°C for

15 sec up to 29, 33 and 21 cycles for SDF-1, CXCR4,

β-actin, respectively, and a final extension step at 72°C

for 7 min. The amplified cDNA fragments were sepa -

rat ed by electrophoresis on a 1.5% agarose gel (Ta -

ka ra, Japan). The PCR products were visualized by

staining with nucleic acid dye. The transcript expres-

sion of SDF-1 and CXCR4, was determined by Gel

DocTM XR Imaging System (Bio-Rad, CA, USA) and

normalized against the expression of b-actin.
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TABLE 1. Primers used for RT-PCR

Gene Upstream Primer (5΄-3΄) Downstream Primer (5΄-3΄) Length NCBI 

of PCR Reference

product (bp)  Sequence

SDF-1 TTTGAGAGCCATGTCGCCA TGTCTGTTGTTGCTTTTCAGCC 104 NM_001033883.1 

CXCR4 GGGTTGGTAATCCTGGTC ATGATGTGCTGGAACTGG 446 NM_022205.3 

β-actin CTGCCGCATCCTCTTCCTC CTCCTGCTTGCTGATCCACAT 398 NM_031144.2 



SDS-polyacrylamide gel electrophoresis and western

blot

Cells were collected immediately after exposure to

different stimuli at 8 hrs for CXCR4 and at 15, 30, 60,

90 and 120 min for ERK1/2. Protein isolation was

car ried out using cell lysis buffer (62 mM pH 6.8

Tris–HCl, 10% glycerol, 2% sodiumdodecyl sulfate,

2% β-mercaptoenthanol, and 0.02% bromophenol

blue) supplemented with protease inhibitor cocktail

(Roche, South San Francisco, CA, USA) and pho -

spha tase inhibitor cocktails I and II (Sigma-Aldrich,

Saint Louis, MO, USA). Following electrophoretic

se paration by 10% SDS-polyacrylamide gel electro -

pho resis, proteins were electroblotted onto poly vi ny -

li dene fluoride membranes (Millipore, Billerica, MA,

USA). The membranes were then blocked with Tris-

buffered saline containing 0.1% Tween-20 (TBST)

and 5% bovine serum albumin for 1 hr at room tem -

pe rature. Antibodies against CXCR4 (Santa Cruz, CA,

USA), phosphor-ERK1/2 (p-ERK1/2), total-ERK1/2

(t-ERK1/2) (Cell Signaling Technology, Danvers, MA,

USA) and β-actin (Santa Cruz, CA, USA) were used

according to the manufacturer’s protocol. Incubation

was performed overnight at 4°C with slight shaking.

Thereafter, membranes were washed in TBST buffer

and a further incubation was carried out with a HRP-

conjugated antibody (goat antirabbit IgG, Sigma-Al -

drich, Saint Louis, MO, USA) for 1 hr at room tem-

perature. For visualization of the protein bands, the

enhanced eletrogenerated chemiluminescence (ECL)

system (Amersham, Chicago, IL, USA) was used. E -

va  luation of the bands was performed by densitomet-

ric analysis. The protein levels expression of CXCR4

was determined by normalizing to that of the house -

keep ing protein β-actin, while expression of p-ERK1/2

was determined by normalizing to that of t-ERK1/2.

Statistical analysis

All data are presented as mean ± standard deviation.

Statistical analysis to compare results among groups

was carried out by Student’s t test with two distribu-

tion tails. A value of p<0.05 was considered to be sta-

tistically significant while a value of p<0.01 was con-

sidered to be remarkable statistically significant.

RESULTS

HCC-CM promoted rMSCs migration

Using transwell assay, we examined rMSCs migration

in response to HCC-CM. A significant increase of mi-

gration of rMSCs was observed in the presence of

HCC-CM, however, NCM did not affect migration of

rMSCs (Fig. 1A). To exclude possible influence from

the proliferation of rMSCs, MTT assay was perform -

ed to identify whether rMSCs proliferation was present

in the migration process. It was evident that HCC-

CM had no obvious effect on rMSCs proliferation

within 8 hrs (Fig. 1B). These results demonstrated

that HCC-CM significantly promoted the migration

of rMSCs than that of control group.

HCC-CM enhanced expression of CXCR4 in rMSCs 

We first detected SDF-1 mRNA expression in rMSCs

in response to HCC-CM. As shown in Figure 2A, the

mRNA expression of SDF-1 in rMSCs was upregulat-

ed after exposure to HCC-CM. Then, we examined

whether the receptor of SDF-1 (CXCR4) expression

was affected by HCC-CM. RT-PCR and western blot

analysis showed that HCC-CM significantly promot-

ed the expression of CXCR4 at mRNA (Fig. 2B) and

protein levels (Fig. 2C).

HCC-CM promoted rMSCs migration by activation of

ERK1/2

The activation of ERK1/2 signaling molecule is of im-

portance for cell migration. To determine whether

HCC-CM could activate ERK1/2 signaling molecule

which might contribute to HCC-CM-induced rMSCs

migration, rMSCs were subjected to HCC-CM and

the expressions of p-ERK1/2 and t-ERK1/2 were de-

tected by western blot at 15, 30, 60, 90 and 120 min,

respectively. As shown in Figure 3A and 3B, after

HCC-CM stimulation, the expression of p-ERK1/2

was significantly increased throughout the experi-

mental period (from 15 min to 120 min), while its

peak was reached at 15 min.

However, the HCC-CM-induced expression of p-

ERK1/2 in rMSCs was significantly decreased after

treatment with PD98059. Although there was still a

significant increase at 15 min, the sustained phospho-

rylation of ERK1/2 induced by HCC-CM was com-

pletely abolished. The results show ed that HCC-CM

could activate ERK signaling molecule in rMSCs.

Next, we demonstrated that HCC-CM promoted

rMSCs migration and induced activation of ERK1/2.

By using PD98059 (50 μM), inhibitor of ERK1/2 ac-

tivation, we aimed to block HCC-CM-induced activa-

tion of ERK1/2. Interestingly, we found that treat-

ment with PD98059 efficiently neutralized HCC-CM-

induced migration of rMSCs (Fig. 3C), suggesting

that HCC-CM promoted rMSCs migration by activa-

tion of ERK1/2.
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FIG. 1. Conditioned medium from hepatocellular carcinoma cells (HCC-CM) promoted migration of rat mesenchy-

mal stem cells (rMSCs). A: Induced migration of rMSCs upon exposure to HCC-CM and conditioned medium from

rat normal hepatocyte cells (rNCM) was detected using transwell assay. Serum free DMEM-LG was used as an exper-

imental control. The migration was expressed as the fold increase relative to control (scale bar 100 μm, the control

was assigned as 100%, n=5, **p<0.01). B: No significant effects of HCC-CM and NCM on proliferation of rMSCs.

Relative proliferation rate was expressed as fold increase compared with control group (n=5, p>0.05). 
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FIG. 2. HCC-CM upregulated mRNA expressions of SDF-1 and CXCR4 in rMSCs. Serum free DMEM-LG was used as an

ex perimental control while no reverse transcription (RT) was used as a negative control. The mRNA expression of SDF-1 (A)

and CXCR4 (B) were normalized to β-actin (control was assigned as 100%, n=4, n=3, respectively, *p<0.05). C: Expression

of CXCR4 at protein level was determined by western blot and normalized to β-actin (n=4, *p<0.05).
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FIG. 3. HCC-CM promoted rMSCs migration by activation of ERK1/2 signal pathway. A: Film images of total ERK1/2 (t-

ERK1/2) and phosphorylation of ERK1/2 (p-ERK1/2) induced by HCC-CM with or without PD98059. B: The densitometric

analysis of p-ERK1/2 induced by HCC-CM with or without PD98059. Black bar chart represents the percentage of increase

of p-ERK1/2 expression normalized to that of t-ERK1/2 in HCC-CM incubated group over untreated control (Control was

assigned as 100%, n=3, **p<0.01, *p<0.05). Grey bar chart represents the increase of p-ERK1/2 expression normalized to

that of t-ERK1/2 in HCC-CM with PD98059 incubated group over untreated control (n=3, #p<0.05). C: HCC-CM-induced

rMSCs migration was significantly inhibited by PD98059 (scale bar 100 μm, n=5, **p<0.01).
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FIG. 4. HCC-CM promoted rMSCs migration by activation of ERK1/2 through CXCR4-mediated signaling pathway. A: Film

images of the t-ERK1/2 and p-ERK1/2 induced by HCC-CM with or without AMD3100. B: The densitometric analysis of p-

ERK1/2 induced by HCC-CM with or without AMD3100. Black bar chart represents the percentage of increase of p-ERK1/2

expression normalized to that of t-ERK1/2 in HCC-CM incubated group over untreated control (Control was assigned as

100%, n=3, **p<0.01, *p<0.05). Grey bar chart represents the increase of p-ERK1/2 expression normalized to that of t-

ERK1/2 in HCC-CM with AMD3100 incubation group over untreated control. C: HCC-CM-induced rMSCs migration was

significantly inhibited by AMD3100 (scale bar 100 μm, n=5, **p<0.01).



Inhibition of SDF-1 to CXCR4 ligation prevented

ERK1/2 activation and rMSCs migration

To further identify the possible relation between the

CXCR4 and ERK1/2 signal molecule in the process

of HCC-CM-induced rMSCs migration, the inhibitor

AMD3100 (50 μg ml–1) was used to inhibit the liga-

tion of SDF-1 to CXCR4. The results showed that

AMD3100 inhibitor could significantly inhibit HCC-

CM-induced phosphorylation of ERK1/2 in rMSCs

(Fig. 4A and B), which suggested that ERK1/2 was

one of the downstream molecules of CXCR4-mediat-

ed signal pathway.

To evaluate the role of CXCR4 in the HCC-CM-

induced rMSCs migration, we further examined mi-

gration of rMSCs treated with AMD3100. It showed

that the inhibitor of CXCR4 also efficiently abolished

the enhanced migration of rMSCs in response to HCC-

CM (Fig. 4C). These results suggested that HCC-

CM-induced rMSCs migration was mediated by CX-

CR4-ERK1/2 signaling pathway.

DISCUSSION

MSCs, which are able to migrate to tumor cells, may

act as a delivery tool for anti-tumor agents. The growth

factors or chemokines from tumor cells may mediate

its crosstalk with MSCs via indirect ways. Therefore,

tumor-cell-derived conditioned medium is often em-

ployed to examine the interaction and its involved mo -

lecular mechanisms between tumor cells and MSCs

(Walter et al., 2010; Osugi et al., 2012). Nevertheless,

the complexity and diversity of tumor-cell-derived

con ditioned medium makes it difficult to identify e -

ve ry relevant component. In the present study, we re-

garded HCC-CM as a whole to analyze its role on the

migration of rMSCs and involved molecular mecha-

nisms and demonstrated that HCC-CM promoted

rMSCs migration through CXCR4-ERK1/2 signal

path way.

Chemokines are major regulators of cell traffick-

ing and adhesion. Many previous studies had shown

that the interaction between SDF-1 and its receptor

CXCR4. The binding of SDF-1 to CXCR4 initiated

di  vergent signaling pathways downstream of ligand

bind ing, which had been already known to control ma -

ny types of normal and pathological cell migrations

(Molyneaux et al., 2003), also required for the migra-

tion of stem cells (Vagima et al., 2011). In this study,

no expression of SDF-1 was observed in both rat he -

pa tocellular carcinoma cell CBRH-7919 and rat nor-

mal hepatocyte cell BRL-3a (data not shown). How-

ever, we found that HCC-CM could upregulate the

expression of SDF-1 and CXCR4 in rMSCs, and lead

to increased migration of rMSCs. Thus, we confirmed

that HCC-CM-induced rMSCs migration was achiev -

ed by means of an autocrine mechanism to upregu-

late CXCR4 expressions through HCC-CM-induced

SDF-1 expressions in rMSCs.

Cell signal transduction is a complex network in-

volving a number of signaling molecules which con-

verts physical or/and chemical stimuli into biological

signals and triggers a series of cellular responses (Shiu

et al., 2004). MAPK pathway, which includes ERK1/2,

JNK and p38 molecules have been demonstrated to

control major cell functions (Blüthgen & Legewie,

2008). ERK1/2 molecule is an important molecule in

the bridge between cell membrane and nucleus which

plays an essential role in controlling gene transcrip-

tion. Sustainable phosphorylation of ERK1/2 deter-

mined cell fate while transient activation of ERK1/2

showed negative results (Marshall, 1995). In our stu -

dy, we found that HCC-CM strongly activated ERK1/2

phosphorylation. However, there was still a significant

increase at peak point 15 min following the treat ment

of PD98059. It was possible that 50 μM PD98059 can-

not completely abolish the strong and sustained phos-

phorylation of ERK1/2 within short time period. High

concentrations of PD98059 (100 μM and 200 μM)

were used to examine whether the phosphorylation of

ERK1/2 can be completely abolished, and similar re-

sults were observed comparable to 50 μM PD98059

(da ta not shown). Therefore, we conjectured that

PD98059 could effectively block the functional role of

ERK1/2 molecule. Results from transwell assay con-

firmed our hypothesis, because PD98059 significantly

prevented HCC-CM-induced migration of rMSCs.

Collectively, these results implied that ERK1/2 was

an important signal molecule mediating HCC-CM-in-

duced rMSCs migration.

AMD3100, the inhibitor of CXCR4, was first used

as an inhibitor of HIV-1, but was later found to inhib-

it the binding ability of CXC-chemokine, SDF-1 to

CXCR4 and subsequent signal transduction (Donzel-

la et al., 1998). CXCR4 was recognized as the solo re-

ceptor for SDF-1 for a long time, however, another

re ceptor of SDF-1, CXCR7, was identified recently.

Ka latskaya et al. (2009) further demonstrated that

AMD3100 may function as an allosteric agonist of

CXCR7. However, the interplay of AMD3100 on

CXCR4 and CXCR7 was not clear. More and more

e vidence identified that the phosphorylation of ERK1/2

was modulated by CXCR7-mediated signal pathway
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(Hartmann et al., 2008), while Mellado et al. (2001)

pointed out that CXCR7 was functional only when it

was dimerized with other receptor partners. In our

study, AMD3100 could efficiently inhibit the HCC-

CM-induced rMSCs migration, suggesting that CX-

CR7 maybe does not participate in this procedure.

How ever, SDF-1/CXCR4/CXCR7 interaction is worth

of further validation as it will help us to better under-

stand the role of these signal molecules in HCC-CM-

induced rMSCs migration.

CONCLUSIONS

Rats are good in vivo and in vitro model systems to

mimic the behavior of human cells, which lays a foun-

dation to human disease models. In this study, we de -

monstrated that conditioned medium from tumor

cells could promote rMSCs migration, and CXCR4-

ERK1/2 signal pathway played a crucial role in this

process. The evidence that sites of active tumorige-

nesis favor the homing of exogenous MSCs has sup-

ported the rationale for developing engineered MSCs

as a tool to track malignant tissues and deliver anti-

cancer agents within the tumor microenvironment.

Deep and detailed investigations on crosstalk between

MSCs and tumor cells will not only lead to a better

un derstanding of the molecular mechanism of the in-

terplay of MSCs and tumor cells, but also provide an

important theoretical guidance to develop MSCs as a

safe and efficient antitumor strategy.
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