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Abstract: URI, a member of the prefoldin family of molecular chaperones, functions in the regulation of nutrient-
sensitive, mTOR-dependent transcription signaling pathways. Previous studies of several tumor types demonstrated 
that URI exhibits characteristics similar to those of an oncoprotein. URI has been shown as a mitochondrial sub-
strate of S6 kinase 1 (S6K1), which acts to integrate nutrient and growth factor signals to promote cell growth and 
survival. Notably, the Akt/mTOR/p70S6K signaling pathway constitutes major negative regulatory mechanism of 
autophagy. However, the role of URI in autophagy has not been explored. Here, we investigated the involvement of 
URI in autophagy by manipulating its expression in MGC-803 and HGC-27 cells using siRNA and transfection ap-
proaches. GFP-LC3 punctum aggregation was assessed by confocal microscopy, whereas formation of autophagic 
vesicles was assessed using transmission electron microscopy. NH4Cl was used to inhibit autophagosome-lysosome 
fusion and to monitor autophagic flux. Expression of LC3-I, LC3-II, beclin1, total and phosphorylated mTOR, and 
p70S6k was assessed by Western blotting. The results showed that knockdown of URI induced significant au-
tophagic flux in gastric cancer cells. URI regulates the expression of beclin1, which is essential for initiation of 
conventional autophagy. Levels of p-mTOR (Ser2448) and p-p70S6K (Thr389) increased in URI-overexpressing cells 
treated with the mTOR inhibitor rapamycin but decreased in URI-silenced cells. The inhibitory effect of URI silencing 
on mTOR and p70S6K phosphorylation was antagonized by the autophagy inhibitor 3-methyladenine. These results 
suggest that URI knockdown-induced autophagy is associated with the mTOR/p70S6K signaling pathway, indicating 
the potential existence of a novel autophagy regulatory mechanism mediated by URI.
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Introduction 

Autophagy is an intracellular catabolic process 
in which cytoplasmic macromolecules and 
organelles (mostly mitochondria) are delivered 
to lysosomes for subsequent degradation [1, 
2]. Abnormal impairment or activation of au- 
tophagy is closely related to the pathogenesis 
of cancer [3]. Previous studies have demon-
strated that autophagy can be tumor suppres-
sive by eliminating oncogenic or toxic proteins 
from damaged organelles, or be tumor promot-
ing through intracellular recycling substrates 
mediated by autophagy [4]. Interestingly, regu-

lators of autophagy, especially those that regu-
late mTOR (mammalian target of rapamycin) 
function, can also be either oncogenes or tumor 
suppressor proteins through a variety of mech-
anisms [4].

There are multiple signaling molecules or path-
ways that have been shown to regulate autoph-
agy. As a ser/thr containing protein kinase, 
mTOR is a key player in mediating mammalian 
cell growth, proliferation, motility, survival, as 
well as autophagy [5]. Notably, tumor suppres-
sors (such as PTEN, AMPK etc.) are usually neg-
ative regulators of mTOR and stimulate or 
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induce autophagy, while oncogenic proteins 
(such as PI3K, Ras, and AKT etc.) may activate 
mTOR and thus, inhibit autophagy. In the mean-
time, inhibition of autophagy leads to pro-onco-
genic events such as oxidative stress and ge- 
nomic instability, supporting the tumor sup-
pressor mechanism of autophagy, whereas 
tumors under hypoxia or nutrient starvation, 
autophagy may promote tumor growth and 
their resistance to chemotherapy [5].

Recently, increasing evidence has shown that 
mTOR is a known key player and may also be an 
important component of complex signaling cas-
cades that control autophagy. Meanwhile, 
abnormal autophagy has been linked to multi-
ple human diseases, but mostly cancers. Ga- 
stric cancer is the second leading cause of can-
cer-related death worldwide [6].

Overexpression of mTOR and activation of the 
Akt/mTOR signaling pathway have been ob- 
served in gastric cancer, with potential prog-
nostic significance [7, 8]. Notably, URI is a tran-
scription factor that belongs to the prefoldin 
family of molecular chaperones. URI is known 
to participate in signaling pathway that coordi-
nates nutrients and controls gene expression 
and is also mTOR-dependent [9, 10]. Previous 
studies have demonstrated that URI amplifica-
tion and overexpression promotes the survival 
of S6K1-dependent ovarian cancer cells [11]. 
We have recently shown that URI promotes cell 
survival and functions as a chemotherapeutic-
resistance factor in gastric cancer cells [12]. As 
to the relationship between autophagy and 
gastric cancer, multiple recent studies have 
suggested that the PI3K/Akt/mTOR pathway is 
associated with gastric cancer cell autophagy 
and thus, affecting its progression, chemo-
resistance, and its prognosis [13-15].

Based on the association of URI with both gas-
tric cancer and the mTOR/S6K1 signaling path-
way, we hypothesized that URI is involved in 
activation of autophagy in human gastric can-
cer. Here, we investigated the effect of URI on 
autophagy in gastric cancer cells and explored 
potential mechanisms for its effect. Our results 
suggest that URI participates in the regulation 
of autophagy via the mTOR/p70S6K signaling 
pathway.

Materials and methods

Chemicals and antibodies

Opti-MEM and Lipofectamine 2000 transfec-
tion reagent were purchased from Invitrogen 
(Carlsbad, CA). Hiperfect transfection reagent 
was purchased from QIAGEN (Cat. No. #30- 
1705). Rapamycin (RAP) was purchased from 
Selleck and dissolved in dimethyl sulfoxide 
(DMSO). 3-Methyladenine (3-MA) was purcha- 
sed from Sigma-Aldrich Corp. (St. Louis, MO) 
and diluted to 5 mM before each experiment. 
Primary antibodies against MAP-LC3 (3868S), 
RMP (URI) (5844S), S6K1 (2708P), and phos-
phor-S6K1 (9234P) were purchased from Cell 
Signaling Technology (Danvers, MA). Polyclonal 
anti-BECN1 (beclin1) antibody (D160120) was 
purchased from Sangon Biotech (Shanghai, 
China). Primary antibodies against mTOR (YT2- 
915) and phosphor-mTOR (YP0176) were ob- 
tained from Ruiyingbio. Anti-β-actin (SC-47778) 
was obtained from Santa Cruz Biotechnology. 
Secondary antibodies, horseradish peroxidase 
(HRP)-conjugated anti-rabbit IgG (AB10058) 
and anti-mouse IgG (D111050) were purchased 
from Sangon Biotech. 

Cell culture

Human gastric carcinoma MGC-803 and HGC-
27 cells were gifts from Professor Wei Zhu of 
Jiangsu University and maintained in Dulbecco’s 
Modified Eagle Medium (Corning, USA) and 
RPMI-1640 (Corning) medium, respectively, 
supplemented with 10% fetal bovine serum 
(Gibco, New Zealand) and 1% penicillin-strepto-
mycin mixture (Invitrogen). Cells were cultured 
in a humidified atmosphere of 5% CO2 at 37°C, 
as described previously [12].

Cell transfection

Results of our previous siRNA gene knockdown 
experiments demonstrated that of three candi-
date URI siRNA sequences (siRNA-A, -B, and 
-C), siRNA-A exhibited the strongest interfer-
ence of URI expression in MGC-803 and HGC-
27 gastric cancer cells [12]. URI siRNA-A and 
scrambled control sequences, synthesized by 
Origene Technologies, were as follows: siRNA-
A, rArGrArArGrGrUrArGrArUrArArUrGrArCrUrArU-
rArArUGC; scrambled control, rCrGrUrUrArArUr-
CrGrCrGrUrArUrArArUrArCrGrCrGrUAT. Transfec- 
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Figure 1. URI siRNA-A transfection enhanced GFP-LC3 puncta aggregation in gastric cancer cells. Cells were trans-
fected with a plasmid encoding EGFP-LC3. Autophagosomes were visualized by the presence of GFP-LC3 puncta 
(green). DAPI staining (blue) was used to detect nuclei. GFP-LC3 puncta were observed by confocal microscopic 
analysis of MGC-803 (A) and HGC-27 (B) URI siRNA-A-transfected cells with or without 3-MA treatment. The percent-
age of cells positive for GFP-LC3 puncta (containing five or more GFP-LC3 punctate dots per cell) is shown (right 
panel). Data are presented as the mean ± SD of three independent experiments (100 cells were counted for each 
experiment). **P < 0.01.

tion was performed using Hiperfect Transfection 
Reagent and Opti-MEM when cells reached 
60-80% confluence. Un-transfected cells ser- 
ved as blank controls. To overexpress URI, the 
URI expression plasmid pCMV6-URI and its 
vector control pCMV6-entry (OriGene) were 
transiently transfected into gastric cancer cells 
using Lipofectamine 2000 transfection reagent 
and Opti-MEM. Transfection was performed 
according to the manufacturer’s protocol and 
as previously described [12].

Western blotting analysis

Western blotting was performed as described 
previously [12]. Briefly, cells were washed with 
ice-cold PBS, lysed in a RIPA buffer (Beyotime 
Biotechnology, CA, China). Cell lysates were 
fractionated using SDS-polyacrylamide gel el- 

ectrophoresis, and proteins were then trans-
ferred onto Immobilon-P membranes (Millipore, 
Billerica, MA). The membranes were probed 
with specific primary antibodies and then incu-
bated with HRP-conjugated IgG secondary anti-
bodies at 37°C for 1 h. Immunoreactive protein 
bands were detected using an enhanced che-
miluminescence system (Minichemi, China). 
Expression of β-actin was used as a protein 
loading control. 

GFP-LC3 transient transfection and confocal 
microscopy 

The plasmid pEX-GFP-hLC3WT (#24987) was 
obtained from Addgene (simply referred to as 
GFP-LC3). Gastric cells were seeded in 6-well 
plates and transiently transfected with pEGFP-
LC3 using Lipofectamine 2000 transfection 
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Figure 2. Autophagic vesicles analyzed using TEM. MGC-803 and HGC-27 cells were transfected with URI siRNA-A or 
scrambled control sequence for 48 h. Ultrastructures of URI siRNA-A-transfected cells subjected to treatment with 
the autophagy inhibitor 3-MA (5 mM) for 12 h, and those of untreated URI siRNA-A-transfected cells were examined 
using TEM. Black arrows indicate autophagic vesicles, and red arrows indicate double-membrane structures in 
particular segments of the autophagic vesicles. URI siRNA-A-transfected cells exhibited more electron-dense mi-
tophagic vesicles (middle panel) compared with cells transfected with scrambled control sequence (left panel) as 
well as cells transfected with siRNA-A and treated with 3-MA (right panel).

reagent and Opti-MEM according to the manu-
facturer’s protocol. After 48 h of transfection, 
cells were exposed to 5 mM 3-MA for 12 h. 
Subsequently, cells were fixed in 4% parafor-
maldehyde for 15 min. Nuclei were stained with 
DAPI for 20 min at room temperature in the 
dark. Treated cells were then examined under a 
confocal microscope (TCS SP5 II, Leica, Ger- 
many), photographed, and counted manually to 
determine the cellular localization pattern of 
GFP-LC3 protein. Cells with more than five GFP-
LC3 puncta were considered positive. A mini-
mum of 100 random transfected cells were 
analyzed, and three independent experiments 
were performed. 

Transmission electron microscopy (TEM) 

After treatment as described above, cells were 
fixed in 2.5% glutaraldehyde containing 0.1 M 
sodium cacodylate and then post-fixed in 2% 
osmium tetroxide buffer for 1.5 h. The fixed 
cells were then dehydrated using graded etha-
nol and routinely embedded in spur resin. Thin 
sections were cut using an ultramicrotome, 

stained with 0.3% lead citrate, and examined 
by TEM at 80 kV (Tecnai12, Philips, Netherlands) 
at the Testing Center of Yangzhou University. 
Digital images were obtained using an AMT 
Imaging System (Advanced Microscopy Techni- 
ques Corp., Danvers, MA).

Statistical analyses 

All data are expressed as the mean ± SD. One-
way analysis of variance followed by Bonferroni’s 
post-hoc test was performed to test the signifi-
cance of differences between groups. Sta- 
tistical analyses were carried out using Gra- 
phPad Prism software (v6; GraphPad Software 
Inc., La Jolla, CA). Statistical significance was 
set as follows: NS-not significant (P > 0.05); *P 
≤ 0.05; **P ≤ 0.01.

Results

URI siRNA-A transfection induces GFP-LC3 
punctum aggregation 

The autophagosome is an intermediate struc-
ture in the dynamic autophagy pathway. Once 
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Numerous puncta were ob- 
served in siRNA-A-transfec- 
ted MGC-803 (Figure 1A) 
and HGC-27 (Figure 1B) ce- 
lls, but fewer puncta were 
observed in cells pretreated 
for 12 h with 3-MA (5 mM), 
which blocks autophagy at 
an early stage via inhibition 
of class III PI3K activity. 

URI siRNA-A transfection in-
duces formation of autopha-
gic vesicles

To further confirm the ob- 
served induction of autopha-
gy in URI siRNA-A-transfect-
ed gastric cancer cells, MGC- 
803 and HGC-27 cells sub-
jected to URI siRNA interfer-
ence were analyzed using 
TEM. As shown in Figure 2, 
we observed an increase in 
the number of autophagic 
vesicles containing cytosolic 
content and disintegrating 
material in URI siRNA-A-tra- 
nsfected cells (black arrows, 
Figure 2B and 2E). Some of 
these vesicles showed typi-
cal double-membrane struc-
ture (red arrows). By con-
trast, such vesicles were not 
commonly seen in control 

Figure 3. Autophagic flux was activated in URI-silenced MGC-803 and HGC-
27 cells. A. MGC-803 and HGC-27 cells were transfected with URI siRNA-A 
for 24 h and then treated with Rap (5 μM, 12 h), DMSO (0.1% v/v), NH4Cl 
(10 mM, 4 h) as indicated. Untreated (un-transfected and scrambled control 
sequence-transfected) samples were used as controls. DMSO was used as a 
vehicle control for Rap. Levels of LC3-I, LC3-II, and GAPDH in cell lysates were 
determined by Western blotting. B. Histograms showed comparable trends, in 
which NH4Cl-treated MGC-803 and HGC-27 cells displayed the highest LC3-II/
LC3-I levels, followed by control cells and cells not treated with NH4Cl. Data are 
presented as the mean ± SD of three independent experiments. *P < 0.05.

autophagy is initiated, LC3-I is conjugated to 
the lipid phosphatidylethanolamine to form 
LC3-II (membrane-bound form). LC3 tagged at 
the N-terminus with a fluorescent protein such 
as GFP (GFP-LC3) has been used to monitor 
autophagy via fluorescence microscopy, with 
increases in levels of punctate LC3 or GFP-LC3 
reported [16, 17]. To evaluate recruitment of 
LC3-II, gastric cancer cells were transiently 
transfected with a plasmid encoding GFP-LC3. 
GFP-LC3-labeled autophagosomes began to 
appear in the cytoplasm and aggregate into 
puncta, which could be observed using confo-
cal microscopy. Fluorescence micrographs of 
representative puncta are shown in Figure 1. 
Micrographs differed between siRNA-A-trans-
fected and un-transfected cells. In cells trans-
fected with the scrambled control sequen- 
ce, GFP-LC3 diffused throughout the cytosol. 

cells (Figure 2A and 2D) and in cells transfect-
ed with siRNA-A and subjected to 3-MA treat-
ment (Figure 2C and 2F).

siRNA-mediated silencing of URI induces 
autophagic flux

Autophagic activity is not always indicated by 
an increase in the number of autophagic vesi-
cles or the formation of autophagosomes [18]. 
The term “autophagic flux” is used to describe 
the dynamic process of autophagosome syn-
thesis, delivery of autophagic substrates to the 
lysosome, and their subsequent degradation, 
which is a more reliable indicator of autophagic 
activity. The accumulation of autophagosomes 
can represent either increased generation of 
autophagosomes or a block in autophagosom-
al maturation and the autophagy pathway. In 
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Figure 4. Effect of URI on beclin1 expression. (A and B) Immunoblotting analysis of beclin1 expression in URI-over-
expressing MGC-803 and HGC-27 cells treated with Rap (5 μM) for 12 h, with DMSO as a vehicle control (left panel). 
Beclin1 expression in URI-knockdown MGC-803 and HGC-27 cells in the presence or absence of the autophagy 
inhibitor 3-MA (5 mM for 12 h) (right panel). (C and D) Bar graph showing the relative quantification of beclin1 ex-
pression in immunoblots shown in (A and B). All data are representative of three independent experiments. Data are 
presented as the mean ± SD and compared between untransfected pCMV6 vs +Rap, scrambled control sequence, 
or cells transfected with siRNA-A+3MA as indicated. ***P < 0.001, **P < 0.01, *P < 0.05. 

order to distinguish between these two possi-
bilities, we assessed the autophagic flux using 
NH4Cl, a commonly used negative regulator of 
autophagy that inhibits autophagosome-lyso-
some fusion via acidification within the lyso-
some [19]. Rap was used in conjunction with 
URI silencing to induce autophagy. In the case 
of autophagic flux occurring, LC3-II levels would 
be higher in the presence of NH4Cl. As shown in 
Figure 3A and 3B, compared with URI silencing 
alone and URI silencing plus Rap treatment, the 
LC3-II/LC3-I ratio in MGC-803 and HGC-27 

cells was significantly higher with NH4Cl pre-
treatment. These results indicate that URI 
knockdown activates autophagy and induces 
autophagic flux.

URI functions in regulating beclin1 expression

To investigate the role of URI in autophagy in 
more detail, we examined the expression of 
beclin1, a core component of the class III phos-
phatidylinositol 3-kinase (PtdIns3K) complexes 
that initiate autophagy in mammalian cells [20, 
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Figure 5. URI overexpression or silencing promotes or inhibits the phosphorylation mTOR and p70S6K, respectively. 
Levels of total and phosphorylated mTOR and p70S6K were assessed by Western blotting in cells transfected with 
pCMV6-URI for 48 h with Rap treatment (5 μM) for 12 h (A and B, left panel) and cells transfected with siRNA-A 
for 48 h with or without 3-MA (5 mM) treatment for 12 h (A and B, right panel). Protein levels were normalized 
against β-actin. (A and B) Representative immunoblots are shown. (C and D) Relative quantitation of phospho-mTOR 
(Ser2448)/mTOR and phospho-p70S6K (Thr389)/p70 S6K. All data are representative of three independent ex-
periments. Data are presented as the mean ± SD. *P < 0.05 vs. pCMV6- or scrambled control sequence-transfected 
cells.

21], under conditions of URI overexpression 
and silencing. As shown in Figure 4A and 4B, 
immunoblotting analysis indicated that beclin1 
expression decreased in URI-overexpressing 
MGC-803 and HGC-27 cells treated with Rap 
and increased in URI-silenced MGC-803 and 
HGC-27 cells. 3-MA inhibited the expression of 
beclin1 induced by URI silencing. These results 
suggest that beclin1 plays a role in regulating 
autophagy mediated by URI.

URI enhances expression of phosphorylated 
mTOR and p70S6K 

Research has clearly established that the 
mTOR signaling pathway is the key negative 
regulator of autophagy [22, 23]. We therefore 
investigated the role of the mTOR pathway in 
URI silencing-mediated autophagy in MGC-803 
and HGC-27 cells. The p70S6 kinase (p70S6K) 
is a downstream target of mTOR, and its phos-
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phorylation status is as an indicator of mTOR 
pathway activity [24]. We performed Western 
blotting to assess levels of p-mTOR and 
p-p70S6K in pCMV6-URI–transfected cells and 
URI siRNA-A-transfected cells, with DMSO serv-
ing as a vehicle control. As shown in Figure 5A 
and 5B, levels of p-mTOR (Ser2448) and 
p-p70S6K (Thr389) were higher in URI-over- 
expressing cells treated with the mTOR inhibitor 
Rap. By contrast, URI silencing significantly 
reduced the levels of phosphorylated mTOR 
and p70S6K. However, neither URI overexpres-
sion nor URI silencing affected the expression 
of total mTOR and p70S6K. The early stage 
inhibitor of autophagy, 3-MA, partially reversed 
the inhibition of mTOR and p70S6K phosphory-
lation associated with URI silencing.

Discussion 

URI plays a role in autophagy regulation by af-
fecting autophagic flux

Previous studies demonstrated that URI exhib-
its properties characteristic of oncogenes [11, 
25, 26]. In the present study, we demonstrated 
that URI knockdown induces GFP-LC3 punctum 
aggregation and autophagic vesicle formation 
in MGC-803 and HGC-27 gastric cancer cells, 
as evidenced by confocal microscopy and TEM 
analyses. We also demonstrated that URI 
knockdown-induced punctum aggregation and 
vesicle formation are markedly inhibited by the 
autophagy inhibitor 3-MA, suggesting that URI 
plays a role in activation of autophagy. To con-
firm these results, we assessed the autophagic 
flux in URI-knockdown cells. Cells were treated 
with NH4Cl to induce impaired fusion of au- 
tophagosomes and lysosomes and subsequent 
accumulation of autophagosomes. Following 
addition of NH4Cl, we observed a further in- 
crease in LC3-II levels in URI-knockdown cells 
(Figure 1B), demonstrating that URI knockdown 
induces autophagic flux in MGC-803 and HGC-
27 cells. 

Beclin1 is a critical component of the class III 
PtdIns3K complex that initiates autophagy in 
mammalian cells. However, the role of BECN1 
in LC3B lipidation remains controversial [30-
32]. A previous study confirmed that although 
complete loss of BECN1 has little effect on LC3 
(MAP1LC3B/LC3B) lipidation, PtdIns3K com-
plex activity and autophagic flux are disrupted 

in BECN1-/- cells [30]. The effect of URI knock-
down on autophagic flux may be related to its 
regulatory effect on beclin1 expression.

Several recent studies revealed that autophagy 
induced by different pharmacologic treatments 
promotes the death of gastric cancer cells [31-
35]. We previously reported that URI knock-
down promotes apoptosis and attenuates che-
moresistance of gastric cancer cells [12]. 
Collectively, these results suggest that URI 
knockdown-induced autophagy possibly inhib-
its cell survival, as previous studies demon-
strated that autophagy can be both pro-surviv-
al and pro-death in gastric cancer cells [36]. 
The role of autophagy is assumed to differ in 
different stages of cancer development [37]. 
Further investigation is thus needed to obtain a 
more comprehensive understanding of the 
complex regulatory mechanisms and roles of 
autophagy in tumors, including the involvement 
of URI in autophagy and cancer.

Effect of URI on the autophagy-related mTOR/
p70S6K signaling pathway   

A variety of protein kinases play integral roles in 
autophagy. For example, the serine/threonine 
kinase mTOR negatively regulates autophagy. 
mTOR/p70S6K signaling is frequently dysregu-
lated in cancer and various metabolic disorders 
[38, 39]. Bahrami et al reported that Mone- 
pantel triggers autophagy in human ovarian 
cancer cells via deactivation of the mTOR/
p70S6K signaling pathway [40]. Theurillat et al. 
demonstrated that URI exhibits characteristics 
similar to those of oncoproteins. URI amplifica-
tion affects PI3K-mTOR signaling in ovarian 
cancer cells downstream, at the level of S6K1. 
In addition, URI amplification and overexpres-
sion in glands of gastric carcinoma in situ cor-
respond with increased S6K1 phosphorylation 
[11]. In the present study, we demonstrated 
that phosphorylation of mTOR and p70S6K is 
induced by URI overexpression in Rap-treated 
cells but that URI silencing leads to de-phos-
phorylation of mTOR and p70S6K, which is 
antagonized by the autophagy inhibitor 3-MA. 
Taken together, our results suggest that URI 
knockdown induces autophagy in gastric can-
cer cells, possibly via the m-TOR/p70S6K sig-
naling pathway, although the exact mechanism 
and significance of these findings remain to be 
determined.
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