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Abstract. Accumulating clinical and experimental 
evidence has suggested that Helicobacter pylori (H. pylori) 
infection‑associated gastric cancer (GC) is associated with 
high rates of mortality and serious health effects. The majority 
of patients succumb to H. pylori infection‑associated GC due 
to metastasis. Mesenchymal stem cells (MSCs), which have 
multipotent differentiation potential, may be recruited into 
the tumor‑associated stroma. MSCs are crucial components 
of the H. pylori infection‑associated GC microenvironment, 
and may be critical for GC cell migration. In this study, an 
MSCs/H.  pylori co‑culture model was designed, and the 
effect of H. pylori‑infected MSCs on the migration of GC 
cells was evaluated using a Transwell migration assay. 
H. pylori‑infected MSC cytokine expression was evaluated 
using Luminex/ELISA. The expression of epithelial‑mesen-
chymal transition (EMT) markers in the GC cells treated 
with supernatants from H.  pylori‑infected MSCs were 
detected by western blot analysis. The results demonstrated 
that the interaction between MSCs and H. pylori may induce 
GC cell migration, through secretion of a combination of 
cytokines that promote EMT in GC cells. The expression 
of phosphorylated forms of nuclear factor‑κB (NF‑κB) was 
observed to be increased in MSCs by H. pylori. Inhibition 
of NF‑κB activation by pyrrolidine dithiocarbamate blocked 
the effects of H. pylori‑infected MSCs on SGC‑7901 human 
stomach adenocarcinoma cell migration. Overall, the results 

of the present study suggest that H. pylori‑infected MSCs 
acquire a pro‑inflammatory phenotype through secretion 
of a combination of multiple cytokines, a number of which 
are NF‑κB‑dependent. These cytokines enhance H. pylori  
infection‑associated GC cell migration by promoting EMT 
in GC cells. The results of the present study provide novel 
evidence for the modulatory effect of MSCs in the tumor 
microenvironment and provide insight into the significance of 
stromal cell involvement in GC progression.

Introduction

Helicobacter pylori (H. pylori) infection‑associated gastric 
cancer  (GC) is a common digestive tract malignancy that 
is associated with high rates of mortality and serious 
health effects  (1,2). Metastasis is a significant stage in 
GC development, and the majority of patients succumb to 
H. pylori  infection‑associated GC due to metastasis.  (2,3). 
Consequently, investigation into the mechanisms underlying 
GC metastasis has become a key area of GC research. Inva-
sion and metastasis of GC tumors are thought to be the 
most lethal and prominent features associated with disease 
recurrence  (4). However, the mechanisms underlying the 
involvement of H.  pylori in the invasion, metastasis and 
recurrence of H.  pylori infection‑associated GC remain 
to be elucidated. Previous studies have suggested that the 
epithelial‑mesenchymal transition (EMT) is critical for the 
invasion and metastasis of malignant tumors  (5). EMT is 
associated with normal tissue development, organogenesis, 
tissue remodeling and wound healing (6). By contrast, aberrant 
EMT reactivation contributes to the initiation of numerous 
human pathologies, particularly those associated with certain 
types of solid tumor invasion and metastasis (4), including 
that exhibited by GC cells (7). Gaining an understanding of 
these mechanisms may aid the therapeutic control of EMT, in 
order to promote tissue regeneration, treat fibrosis and prevent 
cancer invasion and metastasis.

Mesenchymal stem cells (MSCs) are multipotent adult 
stem cells, which have been observed in multiple types of 
tissue  (8,9). MSCs have been reported to exhibit tropism 
for inflammation and cancer sites  (10‑14). In addition, 
H.  pylori‑induced epithelial responses may contribute to 
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directing the homing of MSCs into the gastric mucosa (15,16). 
As a major component of the H. pylori infection‑associated GC 
microenvironment, MSCs may be critical for malignant tumor 
invasion and metastasis; however, the role of H. pylori‑infected 
MSCs remains to be elucidated and is subject to contro-
versy. In the present study, a human umbilical cord MSC 
(hucMSC)/H. pylori co‑culture model was developed. The 
effects of H. pylori‑infected hucMSCs on SGC‑7901 GC cell 
migration were evaluated in vitro using a Transwell migra-
tion assay. During infection, MSC cytokine expression was 
evaluated using Luminex/ELISA, and the abilities of certain 
identified cytokines to induce GC cell migration were indi-
vidually evaluated in vitro. Finally, the significance of the 
nuclear  factor‑κB (NF‑κB) signaling pathway in cytokine 
secretion was evaluated.

The results of the present study may enhance understanding 
of the significance of MSCs in H. pylori infection‑associated 
GC and offer therapeutic benefits by inhibiting malignant 
processes involved in the promotion of cancer.

Materials and methods

Cell culture and H. pylori strain growth conditions. The 
SCG‑7901 human gastric cancer cell line was purchased from 
the Institute of Biochemistry and Cell Biology at the Chinese 
Academy of Sciences (Shanghai, China). Fresh umbilical 
cords were collected from healthy puerperal mothers after 
written informed consent was obtained, and MSCs were 
isolated from these human umbilical cord tissues and char-
acterized as described by Qiao et al (17). Pregnant women 
with pre‑eclampsia, sexually transmitted diseases or hepa-
titis were excluded from the study. HucMSCs at passage 3 
were selected for use in the present study. SGC‑7901 cells 
and hucMSCs were cultured in Invitrogen low‑glucose 
Dulbecco's modified Eagle's medium (L‑DMEM; Thermo 
Fisher Scientific, Inc., Carlsbad, CA, USA) with 10% fetal 
bovine serum (FBS; Invitrogen; Thermo Fisher Scientific, 
Inc.). All cells were incubated at 37˚C in a humidified cell 
culture incubator in an atmosphere of 5% CO2. The 11673 
H. pylori strain was provided by Dr Weng‑Rong Xu (Jiangsu 
University, Zhenjiang, China). The H. pylori strain was grown 
in trypticase soy agar (QingDao Hope Bio‑technology Co., 
Ltd., Qingdao, China) supplemented with 5% sheep blood 
(QingDao Hope Bio‑technology Co., Ltd.) and incubated 
at 37˚C under microaerobic conditions. For the co‑culture 
experiments, the H. pylori strain was grown for 48 h, resus-
pended in L‑DMEM with 10% FBS and adjusted to optical 
density 600 nm=1 [corresponding to 1x108 colony‑forming 
units (CFU)/ml] prior to infection. All experimental protocols 
were approved by the Ethics Committee of Bengbu Medical 
College, Bengbu, China.

Co‑culture of hucMSCs with H. pylori. A hucMSCs/H. pylori 
co‑culture model was designed as previously described (18). 
Briefly, hucMSC cells were trypsinized (Trypsin; Amresco 
LLC, Solon, OH, USA), resuspended in L‑DMEM with 
10% FBS and seeded into a culture flask. Colonies of 
H.  pylori (48  h) were collected and bacterial cells were 
added to the monolayer at a multiplicity of infection (MOI) 
of 100 bacteria/cell. Cultures were maintained in a 5% CO2 

humidified atmosphere at 37˚C for 24 h. The supernatants 
were collected and centrifuged at 800 x g for 10 min at 4˚C, 
and were subsequently filtered through a 0.22‑µm membrane 
(EMD Millipore, Billerica, MA, USA) and stored at ‑80˚C 
until use. Following the collection of supernatants, PBS was 
replaced twice in order to remove floating hucMSCs, debris 
and H. pylori. The infected hucMSCs were then harvested 
and subjected to the following experiments. As a control, 
uninfected hucMSCs were processed in a similar manner, but 
in the absence of bacteria.

Transwell migration assay. The migration assay was adapted 
from a previously described protocol  (19). Briefly, migra-
tion was measured in cell culture inserts with 8.0‑µm pore 
filters (Corning Inc., Corning, NY, USA). SGC‑7901 cells 
(5x104 cells/200 µl) suspended in serum‑free medium (Invi-
trogen; Thermo Fisher Scientific, Inc.) were loaded into the 
upper compartment of a Transwell chamber and 600  µl 
10% FBS‑L‑DMEM containing hucMSCs (5x104 cells/well) in 
the presence or absence of H. pylori (MOI, 100:1) was added to 
the lower well of the Transwell chamber (Fig. 1A). Following 
incubation for 8 h, SGC‑7901 cells which remained at the 
bottom of the polycarbonate membrane were removed using 
cotton swabs. Cells which migrated to the lower surface of the 
membrane were fixed with 4% paraformaldehyde (AR‑0211; 
DingGuo Biotechnology Co., Ltd, Shanghai, China) for 
30 min. The migrated cells were subsequently stained with 
crystal violet (C3886; Sigma‑Aldrich, Shanghai, China) for 
15 min and counted in 10 random fields under a microscope 
(TE300; Nikon Corporation, Tokyo, Japan). Each assay was 
repeated three times.

Luminex assay/ELISA. The concentrations of interleukin 
(IL)‑8, IL‑6, granulocyte macrophage colony‑stimulating 
factor (GM‑CSF), platelet‑derived growth factor‑B (PDGF‑B), 
monocyte chemoattractant protein‑1 (MCP‑1), vascular 
endothelial growth factor (VEGF), epidermal growth factor 
(EGF), tumor necrosis factor‑α (TNF‑α), IL‑10, IL‑1β, IL‑15, 
IL‑2 and IL‑17 in the supernatants of H.  pylori‑infected 
hucMSCs were evaluated by Luminex assay (Cytokine 
and Chemokine Magnetic Bead Panel kit; #HCYTOMAG 
‑60K; Merck Millipore, Darmstadt, Germany) or human 
IL‑6 ELISA Kit (DKW12‑1060‑096), human IL‑8 ELISA 
Kit (DKW12‑1080‑096) or human PDGF‑BB ELISA Kit 
(GWB‑SKR056; all Dakewe Biotech Co., Ltd., Shenzhen, 
China), according to the manufacturer's instructions. The 
Luminex assay detected the expression of cytokines in the 
supernatants from hucMSCs and H. pylori‑infected hucMSCs. 
All procedures were processed according to the manufactur-
er's instructions. The ELISA assay was subsequently used to 
evaluate IL‑6, IL‑8 and PDGF‑B levels, as these were observed 
to be the most highly expressed cytokines in the supernatants 
of hucMSCs and H. pylori‑infected hucMSCs. The signals 
were detected and analyzed by using the Luminex 200 system 
(Merck Millipore).

Western blot analysis. Western blot analysis was adapted 
as previously described  (19). Cells were lysed in radioim-
munoprecipitation assay buffer (Beyotime Institute of 
Biotechnology, Shanghai, China) supplemented with complete 
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protease inhibitors (Shanghai Haoran Biotechnology Co., Ltd., 
Shanghai, China) on ice. Aliquots containing identical amounts 
of protein were fractionated by SDS‑PAGE (Beyotime Institute 
of Biotechnology) and then transferred onto polyvinylidene 
difluoride membranes (EMD Millipore) following electropho-
resis. After blocking in 5% (w/v) non‑fat milk for 1 h at room 
temperature, the membranes were incubated at their respective 
appropriate dilutions of specific primary antibodies overnight 
at 4˚C. Following incubation with the secondary antibodies 
for 2 h at 37˚C, the signal was visualized using horseradish 
peroxidase (HRP) substrate (EMD Millipore) and analyzed 
using MD ImageQuant™ Software (G:Box; Syngene, 
Cambridge, UK). The following rabbit anti‑human primary 
antibodies were used for the western blot analysis: Anti‑IκB‑α 
(polyclonal IgG; dilution, 1:500; cat. no. sc‑371; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA); anti‑p‑NF‑κB‑p65 
(polyclonal IgG; dilution, 1:500; cat. no.  sc‑101749; Santa 
Cruz Biotechnology, Inc.); anti‑t‑NF‑κB‑p65 (monoclonal 
IgG; dilution, 1:1,000; cat. no. sc‑372; Santa Cruz Biotech-
nology, Inc.); anti‑N‑cadherin (polyclonal IgG; dilution, 1:800; 
cat. no. BS2224; Bioworld Technology, Inc., St. Louis Park, 
MN, USA); anti‑E‑cadherin (polyclonal IgG; dilution, 1:1,000; 
cat. no. BS1097; Bioworld Technology, Inc.); anti‑Vimentin 
(polyclonal IgG; dilution, 1:500; cat. no. BS1855; Bioworld 
Technology, Inc.); anti‑β‑actin (polyclonal IgG; dilution, 
1:10,000; cat. no. AP0060; Bioworld Technology, Inc.); and 
anti‑histone (polyclonal IgG; dilution, 1:1,000; cat. no. BS1160; 
Bioworld Technology, Inc.). HRP‑conjugated goat anti‑rabbit 
polyclonal IgG secondary antibodies (dilution, 1:2,000; 
cat. no. L3012‑2; Signalway Antibody Co., Ltd., Nangjing, 
China) were used.

Wound healing assay. SGC‑7901 cells were allowed to grow to 
50% confluence and subsequently wounded by making a single 
scratch in the monolayer using a pipette tip (0.1‑10 µl; NICH-
IRYO Co., Ltd., Koshigaya, Japan). Following scratching, the 
medium was replaced in order to remove floating cells and 
debris, and cells were incubated at 37˚C for 48 h to allow for 
growth and closure of the wound. Inverted microscopic obser-
vations (magnification, x100; TE300; Nikon Corporation) were 
used to assess cell migration into the scratched area. Images 
were captured at identical positions relative to the wound at 
0 and 48 h.

GC cell incubation with cytokines. To determine whether 
increased cytokine expression in H. pylori‑infected hucMSCs 
affected GC cell migration, specific cytokines (IL‑8, IL‑6 
and PDGF‑B; R&D Systems, Inc., Minneapolis, MN, USA) 
were incubated with the SCG‑7901 GC cell line in cell culture 
inserts. Cell migration was assessed as already described. 
Briefly, SGC‑7901 cells (5x104 cells/200 µl) were placed into 
the top chamber, and medium containing 10% FBS and 50 ng/
ml uman cytokines (IL‑6, IL‑8 and PDGF) was placed into 
the bottom chamber of the Transwell plates (8‑µm pore size; 
Corning Inc.). Following incubation at 37˚C in 5% CO2 for 
8 h, the cells remaining on the upper surface of the membrane 
were removed. Cells on the lower surface of the membrane 
were fixed and stained with crystal violet. The migration 
ability of the cells was determined by counting the cells under 
a microscope in at least 10 fields per assay.

hucMSC pre‑treatment with pyrrolidine dithiocarbamate 
(PDTC). To further investigate whether NF‑κB is involved 
in hucMSC pro‑inflammatory phenotype differentiation 
in response to H. pylori infection and in H. pylori‑induced 
hucMSC cytokines expression, hucMSCs were cultured in 
L‑DMEM medium containing PDTC (10 µmol/ml; Jingmei 
BioTech Co., Ltd., Shanghai, China), and were then co‑cultured 
with the H. pylori strain 11673 (MOI, 100:1) at 37˚C in a 
humidified atmosphere of 5% CO2 for 30, 60, 120 or 180 min, 
or 24 h. SGC‑7901 cells were exposed to supernatant from 
hucMSCs, H. pylori‑infected hucMSCs, or H. pylori‑infected 
PDTC‑pre‑treated hucMSCs for 48 h at 37˚C. 

Statistical analysis. Statistical analyses were conducted using 
SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA). 
Quantification values are presented as the mean  ±  stan-
dard deviation of three or more independent experiments, 
each performed in duplicate or triplicate as indicated. 
Differences between groups were analyzed using one‑way 
analysis of variance. Differences between pyrrolidine dithio-
carbamate (PDTC) treatments were analyzed using a Student's 
t‑test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

H. pylori‑infected hucMSCs induce an EMT state in GC cells 
in vitro. In order to determine the effect exerted on GC cells 
by H. pylori‑infected hucMSCs, morphological alterations in 
SGC‑7901 GC cells cultured with H. pylori (11673; MOI, 100:1), 
or with the supernatants from hucMSCs or H. pylori‑infected 
hucMSCs, were observed. Infecting hucMSCs with H. pylori 
significantly enhanced their ability to induce SGC‑7901 cells 
to acquire a fibroblastic phenotype (P=0.0079; data not shown). 
Downregulation of E‑cadherin, a universal epithelial marker, 
is an early indicator of EMT (5). Western blot analysis of 
E‑cadherin expression levels revealed that E‑cadherin protein 
levels were decreased in SGC‑7901 cells cultured with super-
natants from H. pylori‑infected hucMSCs, hucMSCs or those 
treated with H. pylori, compared with those cultured alone. 
H. pylori‑infected hucMSCs exerted a more marked effect 
on E‑cadherin expression than that of H. pylori or uninfected 
hucMSCs (Fig. 1B). The observed decrease in E‑cadherin 
expression levels coincided with induction of the expression of 
N‑cadherin and vimentin (Fig. 1B).

Migration of SGC‑7901 GC cells is enhanced in the pres‑
ence of H. pylori‑infected hucMSCs. Dissemination of cancer 
cells during tumor metastasis, a process which is enabled by 
EMT, requires enhancement of cell migration ability. In light 
of the observation that H. pylori‑infected hucMSCs induce 
an EMT state in SGC‑7901 cells, it was hypothesized that 
H. pylori‑infected hucMSCs may promote SGC‑7901 cell 
migration. To test this hypothesis, a Transwell migration assay 
was performed (Fig. 1A, C and D). The basal migration rate 
of SGC‑7901 cells in the presence of the medium alone was 
identical to that in the presence of H. pylori strains alone, 
indicating that the presence of H. pylori alone was unable 
to stimulate SGC‑7901  cell migration  (Fig.  1Cb  and Db). 
hucMSCs alone were observed to stimulate SGC‑7901 cell 
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migration (P=0.0255). However, H. pylori‑infected hucMSCs 
markedly promoted SGC‑7901  cell migration  (Fig.  1Cd), 
compared with SGC‑7901  cells alone (P=0.003) or with 
hucMSCs (P=0.0062) (Fig. 1Da and Dc). The number of cells 
that had migrated was subsequently quantified (Fig. 1D).

A wound‑healing assay was performed to evaluate cell 
migration ability. Following scratching, cells were allowed to 
recover and their capacity to migrate and fill the area devoid 
of cells was assessed. When SGC‑7901 cells were co‑cultured 
with H. pylori or each type of supernatant, inverted micro-
scopic observations revealed that the size of the scratched area 
decreased within 48 h. These observations also indicated that, 
although SGC‑7901 cells cultured under all four conditions 

migrated into the scratched area, only those cultured with 
supernatants from H.  pylori‑infected hucMSCs exhibited 
marked migratory behavior  (Fig.  1E). H.  pylori‑infected 
hucMSCs more effectively enhanced SGC‑7901 cell membrane 
penetration and migration.

H. pylori infection upregulates the expression of inflammatory 
cytokines in MSCs and a number of these promote GC cell 
migration. To investigate the effect of H. pylori on MSCs 
in vitro and identify the secreted cytokines in H. pylori‑infected 
MSCs, hucMSC cells were infected with H. pylori 11673 strains 
as described. A Luminex assay was conducted to determine 
the expression levels of inflammatory‑associated functional 

Figure 1. H. pylori‑infected hucMSCs promote the migration and epithelial‑mesenchymal transition of SGC‑7901 cells.  (A) The ability of hucMSCs to induce 
SCG‑7901 gastric cancer cell migration following H. pylori‑infection was evaluated by Transwell migration assay. (B) Western blot analysis of E‑cadherin, 
N‑cadherin and vimentin protein levels. (C) Representative images of Transwell migration assay (magnification, x100) and (D) histogram of the numbers of 
migrated SGC‑7901 cells in each treatment group. *P<0.01 and **P<0.05 (n=3). Values are presented as the mean ± standard deviation and are representative 
of three independent experiments. (E) The capacity of cells to migrate to fill a scratched area devoid of cells was assessed in co‑cultures. H. pylori‑infected 
hucMSCs more effectively enhanced SGC‑7901 cell membrane penetration and migration. (a) SCG‑7901 cells alone and with (b) H. pylori or the supernatants 
from (c) hucMSCs and (d) hucMSCs infected with H. pylori. H. pylori, Helicobacter pylori; hucMSCs, human umbilical cord mesenchymal stem cells.

  A   B

  C   D

  E   d  c  b  a
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factors in the supernatants of H. pylori‑infected hucMSCs. The 
cytokines examined were selected as they are pro‑inflamma-
tory factors (20‑22) and have previously been observed to be 
overexpressed in H. pylori‑infected hucMSC cells. The results 
of the present study revealed that the expression levels of IL‑8 
(P=0.0095), PDGF‑B (P=0.0238), IL‑6 (P=0.0128), GM‑CSF 
(P=0.0082), MCP‑1 (P=0.0449), VEGF (P=0.0472), EGF 
(P=0.0360), IL‑1β (P=0.0313) and TNF‑α (P=0.0367) were 
markedly increased in the supernatants of H. pylori‑infected 
hucMSCs  (Fig.  2A and B), while low levels of these 
cytokines were observed in hucMSCs that were cultured 
alone  (Fig.  2A and B). To further confirm the increased 
expression of these cytokines, an ELISA was performed to 
examine the levels of three of these cytokines (IL‑6, IL‑8 and 
PDGF‑B). It was revealed that, consistent with the results of the 
Luminex assay, co‑incubation with H. pylori upregulated the 
expression of IL‑6 (P=0.0059), IL‑8 (P=0.023) and PDGF‑B 
(P=0.0072) in hucMSCs  (Fig.  2C). To determine whether 
increased cytokine expression in H. pylori‑infected hucMSCs 
affected GC cell migration, specific cytokines  (IL‑8, IL‑6 and 

PDGF‑B) were incubated with the SCG‑7901 GC cell line in 
cell culture inserts for 8 h. The results revealed that the number 
of migrated SGC‑7901 cells was markedly increased following 
incubation with each of these cytokines (IL‑6, P=0.0163; IL‑8, 
P=0.0087; PDGF‑B, P=0.0244), compared with SCG‑7901 
cells alone (Fig. 2D).

H.  pylori enhances the expression of certain cytokines 
in MSCs through the NF‑κB pathway. In order to explore 
the mechanisms responsible for the promotion of cytokine 
secretion induced by H. pylori infection of MSCs, the expres-
sion of NF‑κB, one of several key signaling transducers 
involved in inflammation and cancer (23), was determined 
in H. pylori‑infected MSCs. Western blotting revealed that 
the expression levels of NF‑κB‑p65 were significantly higher 
in hucMSCs that had been infected with H. pylori (Fig. 3A 
and  B) compared with that of hucMSCs cultured alone 
(P=0.0427). To further determine whether NF‑κB had a major 
role in the function of H. pylori‑infected hucMSCs, hucMSCs 
were pretreated with PDTC to in order to inhibit NF‑κB 

Figure 2. Expression of inflammatory cytokines in hucMSCs is upregulated following co‑culture with H. pylori, and the cytokines produced during co‑culture 
promote migration of SGC‑7901 cells. (A) Luminex assay for the expression of cytokines in the supernatants of hucMSCs and H. pylori‑infected hucMSCs. 
(B) The fold‑changes in cytokine expression in H. pylori‑infected humMSCs relative to uninfected cells were as follows: IL‑8, 2.14; PDGF‑B, 2.61; IL‑6, 3.9; 
MCP‑1, 2.17; GM‑1, 8.0; VEGF, 2.8; EGF, 2.4; TNF‑α, 4.4; IL‑1β, 2.35. Fold-change = concentration of cytokine in H. pylori-infected humMSCs/uninfected 
humMSCs. (C) ELISA assay to determine IL‑6, IL‑8 and PDGF‑B levels in the supernatants of hucMSCs and H. pylori‑infected hucMSCs. (D) SGC‑7901 cells 
were stimulated by 50 ng/ml concentrations of purified cytokines and migration assays were then performed. *P<0.05 and #P<0.01 compared with migration 
medium alone. Values are presented as the mean ± standard deviation. Data are representative of three independent experiments. H. pylori, Helicobacter 
pylori; hucMSCs, human umbilical cord mesenchymal stem cells; IL, interleukin; PDGF, platelet‑derived growth factor; MCP, monocyte chemoattractant 
protein; GM‑CSF, granulocyte macrophage colony‑stimulating factor; VEGF, vascular endothelial growth factor; EGF, epidermal growth factor; TNF, tumor 
necrosis factor; MOI, multiplicity of infection.

  A   B

  C   D
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phosphorylation, and subsequently incubated with H. pylori. 
It was revealed that induction of NF‑κB phosphorylation 
by H. pylori in hucMSCs was markedly inhibited by PDTC 
(Fig. 3C; P=0.0040). The activation of the NF‑κB pathway 
during H. pylori infection was confirmed by western blotting, 
which indicated p65 subunit translocation from the cytosol 
to the nucleus (Fig. 3D). To determine the role of the NF‑κB 
pathway in the production of the cytokines responsible for 
SGC‑7901 cell migration, IL‑6, IL‑8 and PDGF‑B expression 
levels were measured in the supernatants of PDTC‑pretreated 
H. pylori‑infected hucMSCs. The overexpression of cytokines 
observed in H.  pylori‑infected hucMSCs, was abrogated 
in PDTC‑pretreated hucMSC cells  (IL‑6, P=0.041; IL‑8, 
P=0.044; PDGF‑D, P=0.031), as indicated in Fig. 3E.

PDTC‑pretreated MSCs reverse the migration ability 
of GC  cells. Transwell migration and wound‑healing 
assay observations indicated that the enhanced migra-
tions of SGC‑7901  cells, facilitated by co‑culture with 
H. pylori‑infected MSCs, was significantly reduced in the 
PDTC‑pretreated group (Fig. 4A and B, P=0.039; Fig. 4C, 
P=0.011). Furthermore, PDTC pretreatment also reduced the 

ability of H. pylori‑infected MSC to induce EMT (defined as 
induction of vimentin and N‑cadherin expression and suppres-
sion of E‑cadherin expression) in SCG‑7901 cells in vitro 
(Fig. 4D).

Discussion

MSCs are multipotent adult stem cells that have been observed 
in multiple inflammation and cancer sites  (11,12). The 
tumor‑homing properties of MSCs make them ideal candidates 
for use as antitumor agent delivery vehicles (24). There has also 
been increasing interest in understanding the role and fate of 
MSCs during tumor progression. Korkaya et al (25) suggested 
that the stromal microenvironment may be critical for regu-
lating tumor development in the ‘seed and soil’ hypothesis. 
Among the stromal cells, MSCs communicate with cancer cells 
in order to induce tumor growth and enhance metastatic poten-
tial. In addition, several studies have indicated that MSCs may 
enhance tumor metastasis (26,27), however the mechanism 
underlying the promotion of H. pylori infection‑associated 
GC  cell migration has remained to be elucidated. In the 
present study, hucMSCs were treated with H. pylori to mimic 

Figure 3. hucMSCs infected with H. pylori enhance SCG‑7901 gastric cancer cell migration via NF‑κB activation. (A) H. pylori‑induced NF‑κB‑p65 phos-
phorylation and IκB‑a change in hucMSCs for 24 h. (B and C) Time‑course (0, 30, 60, 120, 180 min) of H. pylori induced NF‑κB‑p65 phosphorylation and 
IκB‑a change in hucMSCs treated with H. pylori in the presence or absence of PDTC (100nM). (D) Western blot analysis of (a) cytoplasmic protein and 
(b) nucleoprotein expression levels. (E) hucMSCs were pre‑incubated with PDTC for 90 min, stimulated with H. pylori for 24 h and then the concentration of 
cytokines in the cultured medium was determined by ELISA. The NF‑κB inhibitor PDTC was able to inhibit the expression of numerous cytokines (IL‑6, IL‑8 
and PDGF‑B) in the hucMSCs infected with H. pylori. Data are expressed as the mean ± standard deviation; *P<0.05, **P<0.01; data are representative of three 
independent experiments. H. pylori, Helicobacter pylori; hucMSCs, human umbilical cord mesenchymal stem cells, PDTC, pyrrolidine dithiocarbamate; IL, 
interleukin; PDGF, platelet derived growth factor; IκB‑a, nuclear factor‑κB polypeptide gene enhancer; NF‑κB, nuclear factor‑κB; p‑NF‑κB, phosphorylated 
NF‑κB; t‑NF‑κB, total NF‑κB.
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the H. pylori infection‑associated GC microenvironment and 
thus determine whether H. pylori‑infected MSCs contribute 
to GC cell invasion and metastasis. The results of the present 
study suggested that short‑term infection with H. pylori may 
induce MSCs to acquire a ‘pro‑inflammatory phenotype’ and 
become part of the tumor microenvironment through the 
production of increased levels of inflammatory cytokines.

Metastasis is a common clinical finding in numerous types 
of human cancer, and the majority of patients with cancer 

succumb to the disease due to metastases (28). EMT is critical 
in the occurrence of tumor metastasis (4,29‑31). EMT is defined 
as a biological process, during which epithelial cell‑cell adhe-
sion is reduced due to downregulation of adhesion molecules, 
including E‑cadherin. Additionally, cell morphology becomes 
fibroblast‑like due to the upregulation of vimentin and 
N‑cadherin (32). Studies have indicated that improper EMT 
has been implicated as a factor required for tumor progression 
through invasion and metastatic spread (4,28), and that EMT 

Figure 4. Inhibition of NF‑κB activation by PDTC abrogates the effect of H. pylori‑infected MSCs on gastric cancer cells. (A) The ability of H. pylori‑infected 
MSCs to induce migration following pretreatment with PDTC was evaluated using cell culture inserts; magnification, x100. (B) Histogram indicating 
the number of migrated SGC‑7901 cells. Data are expressed as the mean ± standard deviation; *P<0.05 and **P<0.01. Data are representative of three 
independent experiments. (C) Capacity of cells to migrate to fill a scratched area devoid of cells was assessed in co‑cultures of SCG‑7901 cells with super-
natants from (a) hucMSCs, (b) H. pylori‑infected hucMSCs and (c) H. pylori‑infected hucMSCs pretreated with PDTC for 48 h, respectively. (D) Western 
blot analyses of E‑cadherin, N‑cadherin and vimentin protein levels in SGC‑7901 cells treated with the supernatants from hucMSCs, H. pylori‑infected 
hucMSCs and the infected hucMSCs pretreated with PDTC, respectively. H. pylori, Helicobacter pylori; hucMSCs, human umbilical cord mesenchymal 
stem cells, PDTC, pyrrolidine dithiocarbamate; NF‑κB, nuclear factor‑κB.
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additionally protects tumor cells against apoptosis (32,33). In 
the present study, it was observed that H. pylori‑infected MSCs 
induced EMT in GC cells and markedly increased GC cell 
migration. To further explain this result, the effects of certain 
cytokines (IL‑6, IL‑8 and PDGF‑B), which were particularly 
highly expressed by infected hucMSCs, on GC cell EMT, inva-
sion and metastasis were evaluated. The results of the present 
study revealed that these cytokines were able to alter the migra-
tion and EMT of GC cells. Taken together, these data suggest that 
H. pylori‑infected MSCs secreted higher levels of inflammatory 
cytokines, which enhance GC cell invasion and metastasis abili-
ties by promoting the occurrence of EMT.

In order to explore the mechanism responsible for the 
promoting role of H.  pylori‑infected MSCs in H.  pylori 
infection‑associated GC cell migration, the expression of 
the key signaling transducer for inflammation and cancer in 
MSCs, NF‑κB, was observed (34). The results of the present 
study demonstrated that the levels of p‑NF‑κB‑p65 were 
markedly increased in H. pylori‑infected MSCs compared 
with those in the other experimental groups, and the induc-
tion of NF‑κB phosphorylation by H. pylori in MSCs was 
markedly inhibited by PDTC. PDTC additionally inhibited the 
upregulation of IL‑6, IL‑8 and PDGF‑B in H. pylori‑infected 
MSCs. PDTC‑pretreatment of hucMSCs reversed the ability 
of hucMSCs to induce GC cell EMT, invasion and metastasis 
when infected with H. pylori 11673 strains. These results 
further confirmed the critical role of these cytokines in 
SGC‑7901 cell migration and their NF‑κB‑dependent secre-
tion by MSCs in response to H. pylori infection.

In conclusion, the results of the present study demonstrated 
that the interaction of H. pylori with MSCs may effectively 
induce the migration of GC cells due to the secretion of a 
combination of cytokines, a number of which are NF‑κB 
dependent. These results also indicated that H. pylori‑infected 
MSCs promote GC cell migration by promoting the occur-
rence of EMT. The present study provides evidence that 
H. pylori‑infected MSCs are able to activate the migratory 
properties of GC cells, suggesting the existence of commu-
nication between GC cells and H. pylori‑infected MSCs in 
the gastric mucosa via cytokine production. The results of 
the present study may contribute to the development of viable 
strategies for the design of novel targeted therapies, in order 
to prevent the formation of distant metastases of H. pylori 
infection‑associated GC cells.
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