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Original Article
URI promotes gastric cancer cell motility, survival, and 
resistance to adriamycin in vitro
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Abstract: Unconventional prefoldin RPB5 interactor (URI), a RNA polymerase II Subunit 5-Interacting protein, is 
known to participate in the regulation of nutrient-sensitive mTOR-dependent transcription programs. Multiple stud-
ies have recently demonstrated that URI functions as an oncoprotein, possibly through the mTOR pathway, and 
regulates tumor cell motility, invasion, and metastasis. However, whether and how URI plays a role in gastric on-
cogenesis has not been elucidated. Due to drug resistance, recurrence and metastasis, the prognosis of gastric 
cancer remains poor. This study aims to explore the effects of URI on gastric cancer cells by focusing on their migra-
tory ability and resistance to adriamycin. URI was over-expressed or knocked-down in MGC-803 and HGC-27 gastric 
cancer cells using URI plasmid or siRNA transfection approach. The cell viability, apoptosis, and migration ability 
were then examined by the CCK-8 assay, flow cytometer Annexin V/PI staining, and the Transwell cell migration as-
say respectively. The protein levels of apoptosis and EMT related genes were detected by western blot. The results 
showed that overexpression of URI promoted while knock-down of URI inhibited gastric cancer cell proliferation. URI 
overexpression resulted in increased Bcl-2 expression but decreased levels of Bax, cleaved PARP-1 and cleaved 
caspase-3. Conversely, cells treated with URI siRNA showed increased adriamycin induced apoptosis, along with 
reduced Bcl-2, but increased Bax, cleaved PARP-1 and cleaved caspase-3 expression. We have also shown that 
overexpression of URI enhanced cancer cell proliferation and migration with higher levels of Snail and Vimentin, 
whereas knockdown of URI in MGC-803 and HGC-27 cells inhibited proliferation and migration with decreased Snail 
and Vimentin expression. Together, our results support that URI promotes cell survival and mobility and acts as a 
chemotherapeutics resistant protein in MGC-803 and HGC-27 cells. URI might be a potential biomarker for gastric 
cancer diagnostics and prognostics.
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Introduction

URI, unconventional prefoldin RPB5 interactor, 
has previously been shown as a target of nutri-
ent signaling and participates in its regulation 
via mTOR-dependent transcription programs 
[1, 2]. Recently, several studies have demon-
strated the involvement of URI in the pathogen-
esis of multiple malignancies. URI was found 
amplified and overexpressed in human ovarian 
cancer cell lines and carcinomas and may pro-
mote cancer cell survival through targeting the 
S6K1-BAD signaling pathway [3]. URI played an 
anti-apoptotic role in the growth of hepatocel-
lular carcinoma cells (HCC) and is required for 
the proliferation of HCC both in vitro and in vivo 

[4]. URI was also shown to promote develop-
ment of multiple myeloma and may contribute 
to its chemotherapeutic resistance through 
activating the IL-6/STAT3 pathway [5]. We have 
recently shown that URI promoted growth of 
cervical cancer cells that are either human pap-
illomavirus (HPV) positive or negative. URI 
enhanced cisplatin resistance of cervical can-
cer cells and promoted their migration and inva-
sive capacity, possibly by up-regulation of 
Vimentin [6]. Gastric cancer is the second lead-
ing cause of cancer-related deaths worldwide 
[7]. Besides surgical resection of the tumors at 
relatively early stages, chemotherapy remains 
the main method for treating advanced and 
metastatic gastric cancer patients so as to 
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improve the quality of life and to extend survival 
[8]. Due to the obvious adverse effect and drug 
resistance of current regimen, extensive efforts 
have been made toward finding novel and more 
effective targets in gastric cancer therapy [9]. 
PI3K/Akt/mTOR is one of the representative 
signaling pathways and clinical dimensions of 
gastric cancer [10]. This pathway is activated 
and overexpressed in gastric cancer, with 
potential prognostic significance [11, 12]. 
PI3K/Akt/mTOR, as well as human EGFR and 
angiogenic pathways, have shown promising 
for targeted therapy in advanced gastric can-
cer, although the effect of mTOR inhibitors on 
gastric cancer is still inconclusive in clinical tri-
als [13, 14]. Notably, URI has been associated 
with mTOR/S6K1 signaling pathway that is 
known to participate in multiple carcinogenesis 
as indicated above [3, 11-14]. However, wheth-
er URI plays a role in gastric oncogenesis 
remain elusive. Here we investigated the effect 
of URI on biological characteristics of gastric 
cancer cell lines MGC-803 and HGC-27, with a 
focus on its influence on the resistance to adri-
amycin and the migratory ability of gastric can-
cer cells.

Materials and methods

Chemicals and antibodies

Adriamycin was purchased from Selleck and 
was dissolved at a concentration of 1 mM as a 
stock solution. β-actin (SC-47778) was obta- 
ined from Santa Cruz Biotechnology. Primary 
antibodies to RMP/URI (5844S) and Bcl-2 
(2870P) were purchased from Cell Signaling 
Technology (Danvers, MA). Primary antibodies 
to cleaved caspase-3 (D120074) and cleaved 
poly (ADP-ribose) polymerase (PARP) (RLM- 
3145) were purchased from Ruiyingbio. Anti- 
bodies for Bax (D220073), Snail (D221239), 
and Vimentin (D120268) were obtained from 
Sangon Biotech. The secondary antibodies con-
taining anti-rabbit IgG (AB10058) and anti-
mouse IgG (D111050) were also obtained from 
Sangon Biotech. 

Cell culture

Human gastric carcinoma SGC-7901, BGC-
823, HGC-27 and MGC-803 cells were gifts 
from Professor Wei Zhu at Jiangsu University. 
MGC-803 cells were grown in Dulbecco’s 
Modified Eagle Medium (DMEM, Corning, USA) 

medium and HGC-27 cells were grown in RPMI-
1640 (Corning, USA) medium. The culture me- 
dia used were all supplemented with 10% fetal 
bovine serum (Gibco, New Zealand) and 1% 
penicillin-streptomycin mixture (Invitrogen, CA, 
USA). Exponentially growing cell cultures were 
maintained in a humidified atmosphere of 5% 
CO2 at 37°C.

Cell transfection

To overexpress URI, URI expression plasmid 
pCMV6-URI and its vector control pCMV6-entry 
(OriGene) were transiently transfected into gas-
tric cancer cells using the Lipofectamine 2000 
transfection reagent (Invitrogen, Carlsbad, CA) 
and opti-MEM (Invitrogen, Carlsbad, CA). Tran- 
sfection was performed according to the manu-
facturer’s protocol. Briefly, cells were transfect-
ed at around 80% confluence. After 6 hours’ 
transfection, cells were added with fresh medi-
um. Meanwhile, to knock-down URI, three small 
interfering RNAs (siRNAs) targeting human URI 
with scrambled sequence as a control were 
synthesized by Origene Technologies. The se- 
quences of the siRNAs and the scrambled con-
trol are as the following: rUrUrArArUTG; siRNA-
C:rGrArArCrUrArGrArGrArGrArCrArGrGrArArGrAr
ArUrUGC. Scrambled-rCrGrUrUrArArUrCrGrCrGr
UrArUrArArUrArCrGrCrGrUAT.

siRNAs and the scrambled control were trans-
fected into cells that were around 60-80% con-
fluence using Hiperfect Transfection Reagent 
(Qiagen, USA) and Opti-MEM (Invitrogen, 
Carlsbad, CA). Untransfected cells were served 
as blank control. All experiments were repeated 
three times with duplicate templates.

Western blotting analysis

Cells were washed with ice-cold phosphate-
buffered saline (PBS) twice after experimental 
treatment. Cells were then lysed with a RIPA 
buffer (Beyotime Biotechnology, CA, China) con-
taining 10% phosphatase inhibitor and 10% 
protease inhibitor cocktail (KangChen, Shang- 
hai, China). After ice cold for 20 minutes, the 
cell lysates were centrifuged at 14,000×g for 
15 min at 4°C to discard the cellular debris. 
Total protein concentrations were determined 
using BCA-assay (Eppendorf, Hamburg, Germ- 
any). An equal amount of lysate proteins (50  
μg) were separated with 10% or 12% SDS-
polyacrylamide gel electrophoresis and trans-
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ferred to the Immobilon-P membranes 
(Millipore, Billerica, USA). After blocking with 5% 
nonfat dry milk in TBS-T (TBS and 0.01% Tween-
20) buffer, the membranes were then probed 
with specific primary antibodies overnight at 
4°C, Immune complexes were washed three 
timesin 1XTBST, and incubated with HRP-
conjugated IgG secondary antibodies at 37°C 
for 1 h. The immunoreactive protein bands 
were captured by an enhanced chemilumines-
cencesystem (Minichemi, China). To ensure 
equal protein loading, blots were stripped and 
re-probed with a specific antibody recognizing 
β-actin. Three independent experiments were 
performed.

Cell proliferation assay

Cell viability was measured using a cell count-
ing kit-8 (CCK-8, Vazyme Biotech, Nanjing, 
China) according to the manufacturer’s instruc-
tions. In brief, cells were seeded in 96-well 
plates at a density of 4500 cells per well and 
incubated for 24 hours after 48 h’s transfec-
tion. The optical density (OD) of cells were 

detected at various time points (0, 1, 2, 3 and 4 
days respectively). 10 μl of CCK-8 kit reagent 
was added to each well, and the cells were 
incubated at 37°C for an additional 2 h. The 
absorbance was then measured spectrophoto-
metrically at a wavelength of 450 nm by a 
microplate reader (Bio-Rad Model 680, Rich- 
mond, CA, USA). In drug resistance experiment, 
cells after transfection were incubated with 
designated concentrations of adriamycin or 
DMSO for another 24 h. The mean value of 
each concentration was based on the data of 
five replicates and each experiment was repeat-
ed three times. The concentration for 50% inhi-
bition of cell growth were calculated by Gra- 
phPad Prism software version 5.0. Data repre-
sent mean ± SEM from three independent 
experiments combined.

Apoptosis analysis by flow cytometry

The apoptotic ratios of cells were performed by 
the FITC Annexin V and propidium iodide (PI) 
double-staining apoptosis detection kit (BD 
PharmingenTM, CA, USA) through analyzing the 

Figure 1. URI expression and transfection studies in gastric cancer cell lines. (A) Cells were harvested and lysed 
from gastric cancer cell lines SGC-7901, BGC-823, HGC-27, and MGC-803. Western blotting was performed. The 
basal expression of URI was shown in four gastric cancer cell lines. (B) Cells were harvested and lysed after transient 
transfection respectively with pCMV6-URI, URI siRNA-A, (B and C) for 48 hours in MGC-803 and HGC-27 cells, the 
expression of URI was detected by western blot, β-actin was used as an internal control. Left two panels: overexpres-
sion of URI; right two panels: knockdown of URI.
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membrane redistribution of phosphatidylserine 
using flow cytometry. Cells were treated with 
adriamycin (250 nM) for 12 h after 48 h’s trans-
fection. Cells were then collected and washed 
twice in ice-cold PBS buffer, and subsequently 
stained with FITC-Annexin V/PI dual staining 
assay kit, according to the manufacturer’s 
instructions. Cells were resuspended in 500 µl 
of binding buffer at a concentration of 1×106 
cells/ml. 100 µl of the cell suspension (1×105 
cells) were incubated with 5 µl Annexin V-FITC 
and 3 µl propidium iodide (PI) for 15 min in dark 
followed by addition of 400 µl of 1X binging buf-
fer. The percentage of early apoptotic cells 
were analyzed by the BD Accuri C6 flow cytom-
etry system within 1 h. Data represent mean ± 
SEM from three independent experiments 
combined.

Transwell assay

Transwell cell migration assay was performed 
to analyze the effect of URI on migratory ability 
of the two cell lines. In short, cells were 
arranged to pass through the polycarbonate 
membrane (8 mm pore size) using a 24-well 
transwell chamber (Corning Costar, New York, 
USA), and then the numbers of the pierced cells 
were calculated. The relative number of pierced 
cells reflected the ability of migration. After 48 
h’s transfection, cells were resuspended with 
300 µl serum-free medium, and cultured in the 
upper transwell chamber. The lower chamber 
was filled with 600 µl complete medium for 18 
h at 37°C. Then, the migrated cells on the bot-
tom surface of membrane were fixed with 4% 
paraformaldehyde for 30 minutes and stained 

Figure 2. URI promotes cell proliferation of MGC-803 and HGC-27 cells. Cell viability was determined by a CCK-8 as-
say. A and B. After transiently transfected with pCMV6-URI and pCMV6-entry empty vector for 48 h, then cells were 
reseeded into 96 well plates, CCK-8 assay kit was used to detect the cell viabilities after five time points (1, 2, 3, 
4, and 5 days respectively). Cell proliferation was significantly increased in MGC-803 and HGC-27 cells transfected 
with pCMV6-URI. C and D. Cells were transfected with URI siRNA-A and scrambled sequence for 48 hours. Cell vi-
ability markedly decreased in URI siRNA-A group compared with control groups. Untransfected cells were used as 
a control. Data was presented as mean ± SD. *p<0.05, **P<0.01, the representative result from three separate 
experiments was shown.
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Figure 3. URI inhibited apoptosis induced by adriamycin via caspase-dependent manner in MGC-803 and HGC-27 
cells. After transfection of pCMV6-URI and URI siRNA-A for 48 hours, cells were treated with 250 nM adriamycin 
for 12 hours, apoptosis related protein Bax, Bcl-2, cleaved PARP-1, and cleaved caspase-3 were detected by west-
ern blotting. β-actin was used as an internal control. A and C. The relative value of Bax/Bcl-2 expression and the 
expression of cleaved caspase-3 and cleaved PARP-1 were significantly decreased in pCMV6-URI transfected cells 
compared with control cells. B and D. On the contrary, the expression of Bax/Bcl-2 and cleaved PARP-1 and cleaved 
caspase-3 were increased in URI siRNA-A transfected cells compared with scrambled control sequence and un-
transfected cells. E. After transfection of URI siRNA-A for 48 hours, cells were treated with 250 nM adriamycin for 12 
hours. Apoptotic cells were detected by Annexin V/PI double staining via flow cytometer. The ratio of early apoptotic 
cells (Annexin V+/PI-) were significantly increased compared with control cells. A representative result from three in-
dependent experiments was shown. Values are expressed as means ± SD of three individual experiments. *P<0.05 
or **P<0.01 relative to the control group.

with 0.5% crystal violet for 25 min at room tem-
perature. Cells were calculated under micro-
scope at 6 random fields (200×).

Statistical analysis

All data were presented as mean ± SD (stan-
dard deviation) and were set up in triplicates. All 
statistical calculations were performed using 
GraphPad Prism software version 5.0. Significa- 
nce of differences was determined by Student’s 
t test and a P value less than 0.05 was consid-
ered statistically significant. (*P < 0.05; **P < 
0.01).

Results

URI expression of gastric cancer cells

We have selected four gastric cancer cell lines, 
SGC-7901, BGC-823, HGC-27 and MGC-803, to 
examine their levels of URI expression. Western 
blot results showed that URI expressed in all 
four gastric cancer cell lines (Figure 1A). We 
then chose the poorly differentiated MGC-803 
and the undifferentiated HGC-27 cells for fur-
ther experiments. The expression of URI was 
significantly increased in cells transfected with 
pCMV6-URI compared with the control cells. To 
knock-down URI, three candidate URI siRNA 
sequences (siRNA-A, -B, and -C) were used for 
transfection and compared with scrambled 
control sequence and untransfected cells. The 
results supported that siRNA-A sequence 
showed the strongest interfering effect for URI 
expression (Figure 1B).

URI promotes gastric cancer cell proliferation

The cell viability was measured by the CCK-8 
assay after transient transfection for 48 h in 
MGC-803 and HGC-27 cells. Compared with 
vector and untransfected controls, overexpres-
sion of URI by transient transfection of pCMV6-
URI remarkably promoted cell proliferation in 

two cell lines (Figure 2A, 2B). Accordingly, 
knockdown of URI significantly decreased the 
cell proliferation compared with the control 
groups (Figure 2C, 2D).

URI inhibited adriamycin-induced apoptosis 
and enhanced adriamycin resistance

The expression of apoptosis-related proteins 
Bax, cleaved caspase-3 and cleaved PARP-1 
(one of the main cleavage targets of caspase-3 
in vivo) significantly decreased while the level of 
the anti-apoptotic Bcl-2 increased in pCMV6-
URI transfected cell lines that were treated with 
250 nM adriamycin for additional 12 hours 
(Figure 3A, 3C). On the contrary, the levels of 
Bax, cleaved caspase-3 and cleaved PARP-1 
were increased and Bcl-2 level decreased in 
URI siRNA-A transfected cells after adriamycin 
treatment for 12 h (Figure 3B, 3D). We evalu-
ated the effect of URI knockdown on adriamy-
cin-induced apoptosis in MGC-803 and HGC-27 
cells. The percentage of early apoptotic cells 
(Annexin-V(+)/PI(-)) induced by adriamycin for 
12 hours, was significantly higher in URI siRNA 
treated cells than in control groups (Figure 3E). 
We further assessed the effect of URI on adria-
mycin resistance in pCMV6-URI and URI siRNA-
A transfected MGC-803 and HGC-27 cells by 
CCK-8 cell viability assay. After transient trans-
fection for 48 hours, cells were treated for 24 
hours with adriamycin at different concentra-
tions ranging from 200 μM to 300 μM in MGC-
803 cells and 200 μM to 400 μM in HGC-27 
cells. The results showed that URI overexpres-
sion resulted in moderately increased resis-
tance to adriamycin (Figure 4A) while knock-
down of URI markedly decreased cell resistance 
to adriamycin in a dose-dependent manner 
(Figure 4B). The mean IC50 was significantly 
higher in pCMV6-URI transfected cells (Figure 
4C) and markedly decreased in URI knock-
down cells (Figure 4D) compared with cells of 
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Figure 4. URI attenuated the effect of proliferative inhibition by adriamycin in MGC-803 and HGC-27 cells. After 
transfection of pCMV6-URI or URI siRNA-A for 48 hours, cells were treated with various concentrations of adriamy-
cin for 24 hours. Cell viability was determined by CCK-8 assay at 450 nm. A. The pCMV6-URI transfected MGC-803 
and HGC-27 cells both enhanced the drug resistance to adriamycin. B. The URI siRNA-A transfected MGC-803 and 
HGC-27 cells both showed reduced drug resistance to adriamycin. C and D. Graphic representation of the mean 
IC50 values of adriamycin. All data were representative of three independent experiments. Data represent mean ± 
SD.*p < 0.05; **p < 0.01.
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Figure 5. URI promoted migratory ability of MGC-803 and HGC-27 cells. Transwell assay was used to monitor the mi-
gration of gastric cancer cells. A. The number of migrated cells significantly increased in MGC-803 and HGC-27 cells 
with pCMV6-URI transfection. B. The number of migrated cells significantly decreased in MGC-803 and HGC-27 cells 
with URI siRNA-A transfection compared with control groups. All experiments were performed for three times and 
representative data were presented. The expression of migration related protein Snail and Vimentin were detected 
by western blotting in MGC-803 and HGC-27 cells transfected with pCMV6-URI and URI siRNA-A, β-actin was used as 
an internal control. C. Snail and Vimentin expression was significantly increased in MGC-803 and HGC-27 cells that 
showed upregulation of URI. D. Snail and Vimentin expression was significantly decreased in siRNA-A transfected 
MGC-803 and HGC-27 cells that also showed down-regulation of URI, compared with control groups. A representa-
tive result from three separate experiments was shown. Values are expressed as means ± SD (*P < 0.05; **P < 
0.01 vs. untreated control group).
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control groups. These results clearly indicated 
that URI enhanced the resistance of gastric 
cancer cells to adriamycin.

URI promoted migration of gastric cancer cells

The effect of URI on gastric cancer cell migra-
tory ability were analyzed by Transwell assay. 
The result showed that the number of cells 
passed through the polycarbonate membrane 
significantly increased in pCMV6-URI transfect-
ed cells compared with untransfected or the 
pCMV6-entry vector treated cells (Figure 5A). 
On the contrary, for cells transfected with 
siRNA, the number of cells passed through the 
well significantly decreased compared with the 
control groups of cells of the two gastric cancer 
cell lines (Figure 5B). The expression of migra-
tion-related EMT markers Snail and Vimentin 
significantly increased in URI transfected cells 
compared with control cells (Figure 5C), while 
URI knockdown by siRNA caused significantly 
decreased expression of Snail and Vimentin in 
two gastric cancer cell lines (Figure 5D).

Discussion

URI functions as a prosurvival protein that sup-
ports cell proliferation and contributes to drug 
resistance of gastric cancer cells

Chemotherapy has been the mainstream treat-
ment for gastric cancer given the fact that gas-
tric cancer is often diagnosed at an advanced 
stage which is not suitable or ineffective for a 
surgical removal of the tumor. Unfortunately, 
chemotherapeutic failure is not unusual in gas-
tric cancer treatment due to the frequently 
occurred drug resistance. Adriamycin, an 
anthracycline-based antibiotic, which induces 
DNA damage and apoptosis, has been widely 
utilized for the treatment of solid tumors, 
including gastric cancer [15]. The resistance to 
adriamycin occurs often in gastric cancer treat-
ment and therefore, limits its effectiveness. 
The mechanisms of chemoresistance involving 
adriamycin remain to be fully elucidated. 
Previous studies have demonstrated the asso-
ciation of URI with cisplatin resistance in ovari-
an and cervical cancer cells [3, 6]. It has also 
been shown that URI knock-down enhanced 
bortezomib induced cell death in multiple 
myeloma [5]. However, until now, the effect of 
URI on gastric cancer cells and its relation with 
adriamycinin treatment have never been elu- 
cidated. 

In this study, we have shown that overexpres-
sion or knockdown of URI promoted or inhibited 
proliferation of MGC-803 and HGC-27 gastric 
cancer cells respectively. We also analyzed the 
effects of URI on gastric cancer cell death and 
proliferation after adriamycin treatment. As 
detected by CCK-8 assay and Annexin V/PI 
staining, cell proliferation was inhibited and 
apoptotic cell number was increased in siRNA-A 
transfected cells after adriamycin induction. 
The levels of proapoptotic protein Bax, cleaved 
caspase-3, cleaved PARP-1 were upregulated, 
whereas the antiapoptotic protein Bcl-2 was 
downregulated in URI siRNA-A transfected cells 
treated with adriamycin. On the contrary, these 
apoptosis related genes showed the opposite 
changes in URI overexpressed cells. These 
results indicated that URI was a pro-survival 
protein and acts as a drug resistant protein in 
MGC-803 and HGC-27 cells. In mammalian 
cells, URI has been shown as a phosphorylated 
target of the mTOR/S6K1 pathway and contrib-
utes to rapamycin-sensitive transcription [1, 2]. 
It is well known that activation of the mTOR/
S6K1 axis stimulates protein synthesis, cell 
growth and proliferation, and activation of 
metabolism. Increased mTOR/S6K1 signaling 
has been seen in colorectal cancer [16]. 
Intriguingly, it was previously reported that, 
many genes, whose products involved primarily 
in the regulation of cell growth and mainte-
nance of cell communication, were significantly 
altered in URI-silenced HeLa cells treated with 
rapamycin [1]. Our results showed that URI 
knockdown facilitated cell apoptosis induced 
by adriamycin in an caspase-dependent ma- 
nner, and attenuated the resistance to adriam-
ycin in gastric cancer cells. We speculate that 
the changes of the apoptotic protein Bcl-2 and 
Bax caused by URI knockdown may be via the 
mTOR/S6K1 downstream signaling pathway. 
However, the mechanism remains to be de- 
termined.

The molecular mechanism that URI promoted 
migration of gastric cancer cells may be re-
lated with up-regulated expression of Vimentin 
and Snail

In addition to the role of regulating growth and 
survival, the role of mTOR signaling in epitheli-
al-mesenchymal-transition (EMT), motility, and 
metastasis of cancers has become a rising 
concern. mTORC1-mediated S6K1 and 4EBP1 
pathways may play a role through phosphoryla-
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tion of focal adhesion proteins and reorganiza-
tion of F-actin. The mTOR may also promote 
metastasis by altering the tumour microenvi-
ronment, and inhibition of mTOR can prevent 
tumour cell dissemination to lymph nodes in 
head and neck cancer [17]. Elevated mTOR sig-
naling has been demonstrated to regulate EMT, 
motility, and metastasis of colorectal cancer 
[16]. We have recently shown that URI promot-
ed migration and increased Vimentin mRNA 
expression in cervical cancer cells [6]. In this 
study, we further confirmed that URI promoted 
tumor cell migration, and increased the expres-
sion of migration-related EMT markers Vimentin 
and Snail in MGC-803 and HGC-27 cells. Vi- 
mentin is an intermediate filament protein nor-
mally expressed in cells of mesenchymal origin. 
The gain of mesenchymal markers Vimentin 
and fibronectin has been demonstrated as hall-
marks of EMT [18]. Vimentin expression in can-
cer epithelial cells has been associated with 
metastasis and poor survival [19, 20]. In 
tumours of the gastrointestinal tract, Vimentin 
expression usually correlates with advanced 
stage of tumour, lymph node metastasis, and 
patient survival. Vimentin expression might 
contribute to the high invasive phenotype of 
gastric cancer, and may be a useful biomarker 
to determine the biological aggressiveness of 
gastric cancer [21, 22]. Our results suggest 
that URI may be a novel regulator of Vimentin 
expression. Meanwhile, as an EMT regulator, 
Snail induces the EMT via repression of 
E-cadherin expression [23, 24], and is consid-
ered as a center of transcription factors to con-
trol the process of EMT [25]. Snail significantly 
affects the migration and invasion ability of 
gastric cancers, and may be used as a predic-
tive biomarker for prognosis or aggressiveness 
of gastric cancers [26]. It has previously been 
shown that cell size and invasion in TGF-beta-
induced EMT is regulated by activation of the 
mTOR/S6K1 pathway [27]. Together, our results 
suggest that URI enhances migratory ability of 
gastric cancer cells by upregulating Snail and 
Vimentin expression. However, whether and 
how this process involves the mTOR signaling 
pathway needs further investigation. A more 
thorough understanding of the molecular 
mechanisms underlining URI’s role in gastric 
cancer will eventually help us improve the inter-
vention and treatment outcomes for this dis- 
ease.
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