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Abstract RING box proteinl (RBX1), an essential compo-
nent of SCF E3 ubiquitin ligases, plays an important role in
gastric cancer. In the study, miR-194 and RBX1 expression
was evaluated in 76 pairs of gastric tumor and non-tumor
tissue samples by qRT-PCR, and clinicopathological charac-
teristics were analyzed. CCKS8, transwell assay, wound
healing assay, and flow cytometry assay were performed to
evaluate the effect of miR-194 on gastric cancer (GC) cellular
proliferation, invasion, migration, apoptosis, and cell cycle,
respectively. Luciferase reporter assays and Western blotting
were used to evaluate whether RBX1 is a direct target of miR-
194. The Kaplan-Meier method and log-rank test were used to
evaluate the correlation between miR-194 or RBX1 expres-
sion and patient survival. Then, we found that miR-194 was
significantly downregulated and RBX1 upregulated in GC
tissues; both of which showed significant association with
tumor size, location, invasion, and tumor node metastasis.
Cell proliferation, invasion, and migration were significantly
restricted with miR-194 overexpression. miR-194 downregu-
lated RBX1 protein expression, and luciferase assays showed
that binding sites in the RBX1 3'UTR were required for miR-
194-mediated repression of RBX1, indicating that RBX1 was
a direct target of miR-194. Transfection of RBX1 without the
3'UTR restored the miR-194-inhibiting migration function.
miR-194 overexpression or RBX1 lowexpression was associ-
ated with prolonged survival of GC patients. In conclusion,
upregulation of miR-194 can inhibit proliferation, migration,
and invasion of GC cells, possibly by targeting RBX1. Aber-
rant expression of miR-194 and RBX1 is correlated to GC
patient survival time.
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Introduction

Gastric cancer (GC) is one with the highest incidence and
mortality of tumors and has the second mortality rate of cancer
worldwide [1-3]. Many exogenous and genetic transforma-
tions have been demonstrated to contribute to the multistep
process of GC development [4-6]. However, the intricate
mechanisms underlying gastric carcinogenesis are not yet
clear, and greater efforts are needed to understand the process.
Moreover, the identification of biomarkers to predict the prog-
nosis of patients is crucial for treatment planning.

MicroRNAs (miRNAs) are a class of well-conserved, en-
dogenously expressed, noncoding RNA molecules. miRNAs
are short single-stranded RNAs, 19-22 nucleotides in length,
that regulate the translation of many genes [7, 8]. miRNAs are
involved in multiple biological functions, like proliferation,
differentiation, apoptosis, and metabolism [9, 10]. In addition,
several miRNAs have been identified to be involved in vari-
ous aspects of human GC pathogenesis, such as metastasis,
invasion, self-renewal, and so on [11, 12].

Protein modification by ubiquitin or ubiquitin-like proteins
is one of the primary posttranslational regulatory mechanisms
of critical factors involved in cell physiology [13].
Skp1/Cullins/F-box (SCF) complexes are the largest multiunit
E3 ubiquitin ligases and ubiquitinate a broad range of proteins
[14]. RING box proteinl (RBX1) is an essential element of
SCF E3 ubiquitin ligases. Notably, the upregulation or down-
regulation of components of SCF complexes has been report-
ed in different kinds of cancers [15-19].

We recently reported that miR-194 inhibited the prolifera-
tion and migration of GC cells [20]. And a previous study
showed that RBX1 expression was upregulated in GC tissues
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[21]. However, no report has examined the interaction be-
tween miR-194 and RBX1 in GC. In this study, we examined
the expression of miR-194 and RBX1 in GC tissues and
analyzed clinicopathological characteristics. We evaluated
the migration and proliferation of GC cells with modulated
expression of miR-194. We also verified RBX1 as a direct
functional target of miR-194. Our study helps further the
understanding of the mechanism underlying GC pathogenesis
and may contribute to the development of novel, targeted
therapies.

Materials and methods
Clinical sample collection

This study was approved by the Human Research Ethics
Committee of Zhengzhou University. We asked every patient
to sign the informed consent. A total of 76 pairs of gastric
tumor and non-tumor tissue samples were obtained from
patients who underwent gastrectomy in the First Affiliated
Hospital and Cancer Hospital Affiliated of Zhengzhou Uni-
versity (Zhengzhou, China) between 2006 and 2008. Both
tumor tissue and non-tumor tissue samples were based on
histopathological evaluation. The biopsies were immediately
frozen after resection and stored in liquid nitrogen until use.
The tumor histological grade was staged using the seventh
TNM staging of the International Union against Cancer/
American Joint Committee on Cancer system.

Cell lines and cell culture

The human GC cell lines NCI-N87 and BGC-823 were of-
fered from the Institute of Biochemistry and Cell Biology at
the Chinese Academy of Sciences (Shanghai, China). Cells
were cultured with 10 % autoclaving fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 pg/mL streptomycin in
a humidified condition of 5 % CO, at 37 °C in RPMI 1640.

RNA isolation and qRT-PCR

Total RNA was purified from tissue samples and cell lines
using the Qiagen RNeasy kit (Valencia, CA, USA). Comple-
mentary DNA (cDNA) was taken place with the high-capacity
cDNA reverse transcription kit (F. Hoffmann-La Roche Ltd.).
qRT-PCR was used to quantify miR-194 expression, accord-
ing to the TagMan MicroRNA Assays protocol (Applied
Biosystems), and normalized using U6 small nuclear RNA
(RNU6B). The 2 24T method was used to calculate the
relative expression levels of miR-194 in tumor tissues com-
pared with matched normal adjacent tissues [22]. Primer
sequences are as follows: has miR-194, RT 5" GTCGTATC
CAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
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ACACATTGTC 3', Forward 5" TCCGAAGGTGTACCTC
AAC 3', Reverse 5" GTGCAGGGTCCGAGGT 3'; U6, RT
5" GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC
TGGATACGACAAAATA 3', Forward 5 TCCGATCGTG
AAGCGTTC 3/, Reverse 5' GTGCAGGGTCCGAGGT 3/
RBXI1, Forward 5 TGCAGGAACCACATTATGGAT 3, Re-
verse 5 GAATTCCCACTCTCTGTTGTCC 3'; GAPDH,
Forward 5 AGAGGCAGGGATGATGTTCTG 3’, Reverse
5' GACTCATGACCACAGTCCATGC 3'.

Western blotting

Protein was extracted from tissue samples and cell lines using
RIPA buffer containing PMSF. A BCA protein assay kit
(Beyotime, Haimen, China) was used to confirm the total
protein concentration. Protein samples were separated by
SDS-PAGE and transferred to polyvinyl membranes. Mem-
branes were incubated overnight at 4 °C with primary anti-
body (rabbit anti-RBX1 antibody, 1:1000 dilution; Invitrogen,
Carlsbad, CA, USA) followed by the secondary antibody
(HRP-conjugated goat anti-rabbit IgG, 1:3000 dilution; Santa
Cruz Biotechnology). Signals were observed by using a
chemiluminescence detection kit (Amersham Pharmacia Bio-
tech, Piscataway, NJ, USA). Antibody against GAPDH (Santa
Cruz Biotechnology) functioned as an internal reference [23,
24]. Using Typhoon Phosphorlmager (GE Healthcare) mea-
sures the quality of the protein. Experiments were performed
in triplicate.

RNA oligoribonucleotides and cell transfection

The miR-194 (GMR-miR microRNA-194) and scrambled
miRNA-negative control used in this study were synthesized
by Shanghai GenePharma Co. Ltd. BGC-823 and NCI-N87
cells were planted into six-well plates (2x 10° cells/well) and
settled overnight until they were 50-80 % confluent. Cells
were transfected using Lipofectamine™ 2000 (Invitrogen,
Carlsbad, CA, USA) in the following experimental groups:
non-transfected group (blank control), scrambled miRNA-
transfected group (negative control, NC), and transfected
group (miR-194). At 2448 h after transfection, the cells were
lysed for analyses.

Cell proliferation assay

Cellular proliferation was measured by water-soluble tetrazo-
lium salt (WST) assay using microplate computer software
(Bio-Rad Laboratories, Hercules, CA, USA) according to the
protocol of the Cell Counting Kit-8 (CCKS8) assay kit
(Dojindo, Japan). Reading the absorbance at 450 nm (A450)
on a microplate reader (168—1000 Model 680, Bio-Rad) draw
the proliferation curves.
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Transwell invasion assay

The invasive potential of cells was tested using a Matrigel
transmembrane invasion assay. Cells (2x10°) were resus-
pended in 200 puL of serum-free medium and planted onto
the upper chamber of the transwell filters, and medium
(500 pL) containing 10 % FBS was added to the bottom
chamber. The cells were to migrate for 24 h at 37 °C in an
incubator with 5 % CO,. The membranes were cut out and
mounted onto coverslips with the cells on the upper surface,
and cell morphology was observed by hematoxylin and eosin
(HE) staining. The cells invading the membrane were counted
in three randomly selected visual fields from the central to the
surrounding parts of the filter using an inverted microscope at
%200 magnification. Each test was done in triplicate.

Wound healing assay

The wound healing assay was used for detection of cell
migration. The two groups of cells, BGC-823 and NCI-N87,
were cultured to confluence (>90 %) in six-well plates. Then,
a straight scratch wound was emerged with a 200-uL sterile
pipette tip. The medium was changed with a new one regu-
larly. After 48 h, the cells were photographed. Assays were
repeated three times.

Flow cytometric analysis of apoptosis

The flow cytometry apoptosis assay was used for detection of
apoptosis. The BGC-823 and NCI-N87 cell lines (transfected
with NC and miR-194) were cultured into culture flasks. After
24 h, the cells were collected and washed twice by phosphate-
buffered saline (PBS). Then, the cells were centrifugated and
resuspended at a density of 1x10° cells/mL in 1x binding
buffer. After staining with FITC Annexin V and propidium
iodide (PI), the cells were measured with a FACSCalibur flow
cytometer (BD Biosciences, USA), and the data were ana-
lyzed by Cell Quest software (BD Biosciences, USA).

Flow cytometric analysis of cell cycle

The BGC-823 and NCI-N87 cell lines (transfected with NC
and miR-194) were cultured into culture flasks. After 24 h, the
cells were collected, washed twice by PBS, and fixed with
70 % ethanol storage overnight at 4 °C. Then, the cells were
incubated with 100 1L ribonuclease A (RNase A) at 37 °C for
30 min. After that, in dark conditions, cells were stained with
400 pL PI for 30 min at 4 °C. The percentage of cells in GO/
Gl, S, and G2/M phases of cell cycle was measured with a
FACSCalibur flow cytometer (BD Biosciences, USA), and
the data were analyzed by Cell Quest software (BD Biosci-
ences, USA).

Dual-luciferase reporter assays

The RBX1 was amplified from human genomic DNA by
PCR, containing putative binding sites for miR-194, and
cloned into the pmirGLO control vector (Promega, Madison,
WI, USA). The 3'UTR of RBX1 was confirmed by sequenc-
ing and named pmirGLO-Wt. Site-directed mutagenesis of the
miR-194 target site in the RBX1 3'UTR was performed using
a QuikChange site-directed mutagenesis kit (Promega, Mad-
ison, WI, USA) and pmirGLO-Wt conducted the template to
occur the pmirGLO-Mut plasmid. BGC-823 and NCI-N87
cells were cultured in 96-well plates and cotransfected with
wild-type or mutant reporter plasmid (100 nM) and miRNA
(100 nM) using Lipofectamine™ 2000 (Invitrogen). Lucifer-
ase activity was measured by the dual-luciferase assay system
(Promega, Madison, WI, USA) 48 h post transfection.

Statistical analysis

Statistical analysis was performed using the SPSS software
version 21.0 (SPSS, Chicago, IL). All data are presented as the
mean+SD where applicable. Differences were analyzed with
the paired ¢ test. The survival time was defined as the time
from the operation until 84 months. The survival curves were
calculated by the Kaplan-Meier method. The Kaplan-Meier
method and log-rank test were used to evaluate the correlation
between miR-194 or RBX1 expression and patient survival.
The correlation between miR-194 or RBX1 expression and
clinicopathological characteristics was analyzed by Pearson
correlation analysis. Differences were considered significant
when P<0.05.

Results

miR-194 is downregulated and RBX1 upregulated in GC
tissues

We analyzed the expression of RBX1 and miR-194 in gastric
tumor and non-tumor tissues. Significantly higher levels of
RBX1 mRNA were observed in GC tissues compared with
non-tumor tissues (Fig. 1a). Furthermore, we found that miR-
194 was expressed at low levels in tumor tissues and
expressed at high levels in non-tumor tissues (Fig. 1b). To
elucidate the correlation between miR-194 and RBX1 expres-
sion levels and clinicopathological factors in human GC, 76
GC cases were analyzed. As shown in Table 1, no correlation
between miR-194 or RBX1 expression level and patients’ age,
gender, and histologic type was observed (P>0.05). However,
miR-194 was downregulated in tumor tissues with smaller
tumor size (P<0.01), deeper local invasion (P<0.01), more
advanced TNM stage (P<0.01), and positive lymph node

@ Springer



2396 Tumor Biol. (2015) 36:2393-2401
A B,
—P<0.01 — : ——P<0.01 —
4 4y
o 16 F I o 1
o= 1 a
o <« ') 08 |
‘A 1.2 ‘7
5 E § = g |
S & o8 >0
5 » SR 04T |
) 0.4 v & I
1 e
~= ~
S 0 = 0
) )
~ Tumor tissues Non-tumor R~ Tumor tissues Non-tumor

tissues

Fig. 1 Expression level of miR-194 and RBX1 mRNA in gastric tumor
and non-tumor tissues. Relative expression of miR-194 was measured by
qRT-PCR; U6 snRNA served as an endogenous control. RBX1 protein
expression levels were measured by Western blotting; GAPDH served as

metastasis (P<0.01). RBX1 was upregulated in tumor tissues
with larger tumor size (P<0.01), deeper local invasion
(P<0.01), more advanced TNM stage (P<0.01), and positive
lymph node metastasis (P<0.01). Correlation analysis was
carried out to evaluate the relationship between miR-194

tissues

an endogenous reference. a RBX1 expression differed significantly
between cancer tissues and corresponding distant non-tumor tissues
(P<0.01). b miR-194 expression in gastric tumor tissues was
significantly lower than in non-tumor tissues (P<0.01)

and RBX1 expression levels, and results indicated that miR-
194 levels were negatively correlated with RBX1 expression
levels: the correlation coefficient was —0.379 (P<0.01). These
results indicate a significant correlation with miR-194 upreg-
ulation or RBX1 downregulation in GC.

Table 1  Clinicopathological characteristics and miR-194 and RBX1 expression levels in 76 GC patients
Clinicopathologic parameters Cases RBX1mRNA expression miR-194 expression
Mean+SD P value Mean+SD P value

Age (years)
<60 34 1.48+0.147 0.382 0.342+0.084 0.854
>60 42 1.51+0.164 0.345+0.075

Gender
Male 51 1.48+0.159 0274 0.348+0.079 0.477
Female 25 1.52+0.149 0.334+0.077

Diameter (cm)
<5 48 1.46+0.147 0.030 0.361+0.078 0.009
>5 28 1.55+0.161 0.313+0.071

Location
Distal third 41 1.46+0.151 0.038 0.346+0.080 0.789
Middle third, proximal third 35 1.53+0.154 0.341+0.077

Histologic type
Differentiated 41 1.49+£169 0.894 0.351+0.080 0.346
Undifferentiated 35 149+141 0.334+0.077

Location invasion
T1, T2 44 145+0.140 0.004 0.363+0.079 0.010
T3, T4 32 155+0.160 0.317+0.069

TNM stage
LI 42 1.45+0.148 0.007 0.371+0.076 0.001
1L v 34 1.54+0.151 0.310+0.068

Lymph node metastasis
Negative 37 1.44+0.144 0.004 0.380+0.070 0.000
Positive 39 1.54+0.153 0.309+0.070
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miR-194 overexpression or RBX1 mRNA lowexpression is
associated with prolonged survival time in GC

To investigate the relationship between survival time and the
expression level of miR-194 or RBX1 mRNA, we divided
cases as overexpression (with levels greater than or equal to
the mean) or lowexpression (with levels less than the mean).
GC patients with miR-194 overexpression had longer survival
time (mean, 67.87; 95 % CI, 63.26, 72.49) than GC patients
with lowexpression (mean, 49.80; 95 % CI, 42.16, 57.45)
(x*=8.0379, P=0.004) (Fig. 2b). Furthermore, GC patients
with RBX1 lowexpression had longer survival time (mean,
65.05; 95 % CI, 58.88, 71.23) than GC patients with overex-
pression (mean, 52.62; 95 % CI, 45.92, 59.33) (x*=6.798, P=
0.009) (Fig. 2a). Together, this data indicates that miR-194
overexpression or RBX1 mRNA lowexpression is correlated
with prolonged survival time of GC patients.

Upregulation of miR-194 inhibits proliferation, promotes
apoptosis, and arrests cell cycles of BGC-823 and NCI-N87
cells

We next performed CCKS8 assays in GC cells to further
evaluate the effect of miR-194 on cell proliferation and
used the flow cytometry assay for detection of apoptosis
and cell cycle. After transfection of BGC-823 and NCI-
N87 cells with miR-194, the expression of miR-194 was
significantly increased compared with the untransfected
(blank) and miR-194-negative control (NC) groups. In
CCK8 assays, we observed that the viability of the
miR-194 group was decreased compared with the blank
and NC groups from 24 h onwards in BGC-823
(Fig. 3a) and NCI-N87 (Fig. 3b) cells (P<0.05). In
contrast, we found no significant difference between
the blank and NC groups (P>0.05). From flow cyto-
metric analysis of apoptosis, we can observed that

compared with NC groups, the percentage of apoptotic
cells of the miR-194 groups was much higher in both
BGC-823 and NCI-N87 cells (P<0.01) (Fig. 3c, d). In
the flow cytometric analysis of cell cycle, we can know
that in both BGC-823 and NCI-N87 cells, the percent-
age of GO/G1 of miR-194 groups was higher than that
of NC groups(P<0.01), while the percentage of S of
miR-194 groups was lower than that of NC groups
(P<0.01). There was no significant difference between
the two groups about the percentage of G2/M
(Fig. 3e, f). These results suggest that upregulation of
miR-194 could slow the proliferation of BGC-823 and
NCI-N87 and also can promote the apoptosis and arrest
cell cycles.

Upregulation of miR-194 restricts cell invasion and migration
of BGC-823 and NCI-N87 cells

We next conducted a transwell assay and a wound
healing assay to evaluate the role of miR-194 in regu-
lating the invasion and migratory activity of GC cells
(Fig. 4). The average number of migrating cells pene-
trating the transwell membrane was significantly lower
in the miR-194 group (P<0.01) compared with the NC
group (Fig. 4a, b). The NC group had reached higher
cell density at 48 h post wounding compared with the
miR-194 group in both cell types (Fig. 4c, d). These
data indicate that upregulation of miR-194 restricted the
migratory and invasive capacity of BGC-823 and NCI-
N87 cells.

RBX1 is a direct target of miR-194

Bioinformatic analysis using TargetScan and miRanda
indicated that the 3'UTR of RBXI1 contains a predicted
seed region for miR-194 (Fig. 5a). To determine whether

Fig. 2 Kaplan-Meier curves of A B
survival. a Cases Wlﬂl RBX1 101 -7 RBX1mRNA<1.49 1.07 -7 miR-194<0.344
mRNA lowexpression (<mean) -7 RBX1 mRNA21.49 - MiR-19420 344
were associated with longer
survival than cases with RBX1 0.81 0.8
overexpression mRNA (P<0.01). — i
b Cases with miR-194 s g
overexpression (<mean) were E 0.6 E 0.67
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Fig. 3 CCKS assay and flow
cytometry assay were performed
in BGC-823 and NCI-N87 cells.
Significant decreases in BGC-823
(a) and NCI-N87 (b) cell
proliferation were observed in the
miR-194 group compared with
the NC and blank groups
(P<0.05). No difference was
found between the blank and NC
groups. Higher percentage of
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RBXI1 is regulated by miR-194, we conducted Western
blot analysis and luciferase reporter assays. Western blot
analysis showed that RBX1 expression was downregulat-
ed in both BGC-823 and NCI-N87 cells after transfection
with miR-194 (Fig. 5b, c). To verify whether RBX1 is
directly targeted by miR-194, we used a dual-luciferase
reporter system with luciferase reporter vectors containing
either the wild-type or the mutant 3'UTR of RBXI.
Cotransfection with miR-194 significantly decreased the
luciferase activity of the reporter containing wild-type 3’
UTR in both BGC-823 and NCI-N87 cells, but did not
affect the luciferase reporter with the mutant 3'UTR
(Fig. 5d, e). Taken together, these data strongly suggest
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that miR-194 negatively regulates RBX1 expression by
directly binding to the putative binding site in the 3'UTR
sequence.

Expression of RBX1 restores miR-194-inhibiting migration
function

We next performed Western blotting and transwell assays to
evaluate whether RBX1 is a functional target of miR-194. As
demonstrated previously, transfection with miR-194 resulted
in decreased endogenous RBX1 levels in BGC-823 cells.
RBX1 levels were higher after transfection with vector con-
taining RBX1 lacking the 3'UTR (pcDNA3.1-RBX1).
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Cotransfection of miR-194 and pcDNA3.1-RBX1 did not
impact the increased expression of RBX1 and abrogated the
RBX1 expression-reducing effect of miR-194 (Fig. 6a).

In transwell assays, the mean number of cells penetrat-
ing the transwell membrane was decreased after transfec-
tion with miR-194. We observed increased invasive ability
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Fig. 5 RBXI is a target gene of miR-194 in both human GC BGC-823
and cells. a The wild-type RBX1 3'UTR and RBX1 3'UTR putative
binding sequences in miR-194. b, ¢ Western blot analysis of RBX1
expression in cells transfected as indicated. GAPDH was used as the
endogenous reference. miR-194 significantly decreased expression of
RBXI1 in both BGC-823 and NCI-N87 cells. d, e Luciferase reporter

of cells transfected with pcDNA3.1-RBX1 (lacking the 3’
UTR) compared with controls. However, cotransfection
with pcDNA3.1-RBX1 and miR-194 increased the average
number of transwell cells, abrogating the effect of miR-194
on decreased cell numbers (Fig. 6b). These results suggest
that RBX1 is a major target of miR-194.
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vectors with wild-type or mutant-type 3'UTR were cotransfected into
BGC-823 or NCI-N87 cells together with NC or miR-194. Cotransfection
of miR-194 significantly decreased the luciferase activity of the
pmirGLO-Wt 3'UTR reporter (*P<0.05), but did not decrease that of
the pmirGLO-Mut 3'UTR reporter. NC cells transfected with miR-194
negative control, miR-194 cells transfected with miR-194
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Fig. 6 Expression of RBX1 abrogates miR-194-inhibiting migration
function. a RBX1 levels in BGC-823 cells were lower after transfection
with miR-194. However, transfection with RBX1 vector lacking 3'UTR
(pcDNA3.1-RBX1) together with miR-194 increased RBX1 expression,
abrogating the inhibitory effect of miR-194 on RBX1 expression. b The

Discussion

RBX1 is a meaningful conserved protein from yeast to human
and acts a major role in embryogenesis [25, 26]. Abnormal
expression of RBXI1 resulted in the dysfunction of SCF li-
gases and caused embryo damage [27]. Lately, some studies
indicated that RBX1 was not only vital in regulating the
function of multiple physiological cellular but was also related
to tumor progression [28, 29]. Other studies showed that
altered expression of RBX1 protein played a key role in
cancer occurrence and development. Our research indicated
that RBX1 was overexpressed in GC tissues. But today, the
underlying mechanism remained unsolved. Analysis of RBX1
expression level could help us to better understand its func-
tions and mechanisms in GC and help to understand the
development of biomarkers for early diagnosis and prognosis.

Recently, some studies have indicated that miR-194 acted a
part in the development of a variety of diseases. In the human
digestive tract, miR-194 is specifically expressed and induces
the differentiation of intestinal epithelial cells [30]. In GC, the
downregulation of miR-194 was correlated to more advanced
stages and larger tumor [20]. In liver mesenchymal-like can-
cer, upregulation of miR-194 expression reduces N-cadherin
expression level and induces the changes of cellular biological
behavior of this cancer, like the inhibition of cell proliferation,
migration, and metastasis [31]. However, the function of miR-
194 in GC is still unknown. Thus, our findings of the biolog-
ical functions of miR-194 in GC are critical to elucidating the
role for miR-194 in tumor development. Notably, our study
showed that miR-194 expression was significantly lower in
human gastric tumor tissues compared with non-tumor
tissues.

The results of our study also show that upregulating miR-
194 expression level in GC tissues can inhibit the prolifera-
tion, migration, and invasion of tumor cell lines. These data
suggest that miR-194 could be used in the treatment of GC.
Moreover, the expression level of miR-194 has a high corre-
lation with the survival of GC patients and thus could serve as
a biomarker for GC prognosis. Similarly, we found that RBX1
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average numbers of cells penetrating the transwell membrane decreased
after transfection with miR-194. Transfection of the RBX1 vector lacking
3'UTR (pcDNA3.1-RBX1) resulted in increased invasive ability.
Cotransfection of miR-194 with the mutant RBX1 had no effect on
invasion. These results suggest that RBX1 is a major target of miR-194

is upregulated in GC cells and tissues, suggesting that RBX1
may be a potential therapeutic target in GC.

In summary, our data suggest that upregulation of miR-194
can inhibit proliferation, migration, and invasion of GC cells,
possibly by targeting RBX1. Aberrant expression of miR-194
and RBX1 is correlated to GC patient survival time.
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