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ABSTRACT
Background: The research aimed to observe the effect of gene silencing on the proliferation, migration, cell cycle, apoptosis, and other 
biological functions of human gastric cancer cells with RNA interference inhibiting the expression of the far upstream element-binding 
protein 1 (FUBP1) in the gastric cancer cell line SGC7901.
Methods: The shRNA lentivirus vector of the target gene FUBP1 was constructed to transfect the gastric cancer cell line SGC7901. The 
qRT-PCR and western blot assays were used to detect the expression levels of FUBP1 mRNA and protein in the gastric cancer cells. The 
CCK-8 assay was used to detect the proliferation of gastric cancer cells. The cell scratch assay and the transwell assays were used to 
detect the migration of gastric cancer cells. Flow cytometry was used to detect cell cycle distribution and apoptosis.
Results: The shRNA lentiviral vector of FUBP1 was successfully transfected into the gastric cancer cell line SGC7901, and could effec-
tively reduce the expression of mRNA and protein of FUBP1. The silencing of FUBP1 could inhibit the gastric cancer cell proliferation and 
affect the distribution of the cell cycle, resulting in S-phase arrest and cell growth inhibition. However, FUBP1 silencing has no significant 
effect on cell apoptosis and migration.
Conclusions: The expression of FUBP1 can be inhibited specifically and effectively by RNA interference technology, which can signifi-
cantly affect the biological function of the gastric cancer cell line SGC7901.
Keywords: RNA interference, lentiviral transfection, FUBP1, gastric cancer, gene therapy

INTRODUCTION
Malignant gastric tumor is a common type of gastrointes-
tinal cancer around the world, especially in the developing 
countries, characterized by high malignancy, rapid devel-
opment, and poor prognosis. Its incidence ranks fourth 
among the common cancers around the world and its rate 
of mortality ranks third.1 The 2012 global cancer statistics 
show that the number of new cases of gastric cancer is 
nearly 1 000 000, of which over 700 000 result in mor-
tality. More than half of these deaths occur in China.2 In 
recent years, with the continuous improvement of tech-
nology in the early diagnosis and treatment of gastric 
cancer, the rates of incidence and mortality of patients 
with gastric cancer have decreased, but the prognosis of 
patients in an advanced stage is still relatively poor, with 
the 5-year survival rate still relatively low. The traditional 

treatment methods cannot meet the need of the cur-
rent situation in the development of therapy for gastric 
cancer. Therefore, finding a method of gene therapy for 
gastric cancer has become a hot topic in the medical field.

RNA interference is a kind of gene-silencing phenome-
non with high conservation and specificity in eukaryotic 
cells. Guo and Kemphues first found and determined that 
antisense RNA and sense RNA could inhibit the expres-
sion of the par-1 gene of Caenorhabditis elegans when 
they used antisense RNA to inhibit the gene expression of 
C.  elegans, but the cause of this phenomenon has not been 
explained.3 In 1998, Fire found that double-stranded RNA 
(dsRNA) could recognize specific sequences of endoge-
nous mRNA to induce the degradation of mRNA to inhibit 
the expression of specific genes, which is stronger than 
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the inhibiting effect of single-stranded antisense RNA 
or sense RNA on gene expression.4 This phenomenon is 
known as RNA interference (RNAi). In the last decade, 
with the continuous development of molecular biology 
and genetics, RNA interference has been widely used 
in gastric cancer studies as a kind of strong and effec-
tive gene-silencing technology, particularly to inhibit the 
expression of tumor-related oncogenes.

Far upstream element-binding proteins (FUBPs), consist-
ing of FUBP1, FUBP2, and FUBP3, belong to the DNA-
binding protein family.5 In 1990, Avigan found that in 
undifferentiated leukemia cells, the far upstream element-
binding protein 1 (FUBP1) could regulate the transcrip-
tion of the oncogene c-myc through binding to the distal 
upstream regulatory element (FUSE), firstly determining 
that FUBP1 is a kind of DNA-binding protein.6 Some sub-
sequent studies have found that FUBP1 binds to FUSE, 
the FUBP-interference inhibitor (FIR), and the transcrip-
tion repair system (TFIIH) to form the FUSE/FUBP/FIR/
TFIIH complex,7 which participates in the regulation of 
transcription expression of the oncogene c-myc and 
affects c-myc gene-mediated cell growth, proliferation, 
differentiation, and apoptosis, resulting in the develop-
ment and progression of multiple malignant tumors.8 This 
study aimed to apply lentiviral vector-mediated RNA 
interference to inhibit the expression of the FUBP1 gene 
and to preliminarily explore the value of application of 
RNA interference on the gene therapy for gastric can-
cer, by observing the effect of FUBP1-silencing on the 
biological functions of the human gastric cancer cell line 
SGC7901 through in vitro cell experiments.

MATERIALS AND METHODS
Materials
The RNA interference lentiviral vector of the targeted 
gene FUBP1 was provided by Shanghai Jikai Gene Science 
and Technology Ltd; the human gastric adenocarcinoma 
cell line SGC7901 was provided by Basic Experimental 
Center of Shandong Cancer Hospital; the RPMI1640 
basal culture medium was purchased from the Corning 
Company (NY, USA); fetal bovine serum (FBS) was pur-
chased from Ausbian Company (Australia); DMSO was 
purchased from Gibco (USA) ; Trizol reagent was pur-
chased from Invitrogen Life Technologies; rabbit-anti-
human FUBP1 monoclonal antibody was purchased 
from Abcam (Cambridge, UK); reverse transcription kit 
and SYBR real-time PCR kit were provided by TaKaRa 
(Shiga, Japan); CCK-8 reagent and PI (propodium iodide) 
were purchased from Sigma; the apoptosis assay kit was 

purchased from eBioscience Company; the transwell 
reagent kit was purchased from Corning (NY, USA). 

Since this study was carried out on cells, ethics commit-
tee approval and informed consent were not required.

Construction and Packaging of FUBP1-RNA 
Lentiviral Vector
The design, construction, packaging, and sequencing 
of the RNA interference lentiviral vector for the tar-
get gene FUBP1 were assisted by Shanghai Genechem 
Co., LTD. The lentiviral vector was named as GV248, 
with a sequence element of hU6-M CS-Ub iquit in-EG 
FP-IR ES-pu romyc in. A total of 3 kinds of lentiviral vec-
tors with different RNA interference sequences were 
designed, including FUBP1-RNAi-KD1, with the sequence 
of 5’-TGAGTATTATAGACAACAA-3’; FUBP1-RNAi-KD2, 
with the sequence of 5’-CGAAAGGATAGCACAAATA-3’; 
and FUBP1-RNAi-KD3, with the sequence of 
5’-TGCTTATTACGCTCACTAT-3’. The designed nega-
tive-RNAi was 5’-TTCTCCGAACGTGTCACGT-3’.

Cell Culture
The human gastric cancer cell line SGC7901 was cultured 
in an RPMI1640 culture medium containing 15% FBS. The 
cell culture was performed at 37°C in a humidified atmo-
sphere containing 5% CO2. The cell medium was changed 
every 2 days. Cell passage culture and cell freezing were 
performed when the cell confluence reached 90%.

Cell Transfection
On the day before lentiviral transfection, the cells in loga-
rithmic growth phase were seeded in different cell cul-
ture plates (6-well plate, 12-well plate, 24-well plate, and 
96-well plate) to achieve 50-60% cell confluence. On the 
following day, according to the instructions for lentivi-
ral transfection and with the appropriate multiplicity of 
infection (MOI), the corresponding amounts of virus and 
polybrene diluent were added into these wells and mixed 
for continuing cell culture. In 16 hours after cell transfec-
tion, the original medium was changed with 1640 com-
plete medium for continuing cell culture. In 72 hours after 
cell transfection, the inverted fluorescence microscope 
was used for determining whether the transfection effi-
ciency was more than 80% and the cell state was good. 
Then, the further experiments were performed.

Selection of Reasonable MOI
The experiment was divided into 4 groups: MOI= 0,  
MOI = 20, MOI = 30, and MOI=40. According to different 
values of MOI, negative-RNAi lentiviral vector was used 
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for transfection of the gastric cancer cells. After 72 hours, 
the expression of green fluorescent protein in each group 
was observed with an inverted fluorescence microscope, 
and flow cytometry was used to detect the percentage 
of cells containing green fluorescent proteins and calcu-
late the transfection efficiency of each group. According 
to the obtained results, the group with a reasonable  
MOI value was chosen for the further experiments.

Total RNA Extraction and qRT-PCR
The experiment was divided into 5 groups: the FUBP1-
RNAi-KD1 group (labeled as KD1), the FUBP1-RNAi-KD2 
group (labeled as KD2), the FUBP1-RNAi-KD3 group 
(labeled as KD3), Negative-RNAi negative control group 
(labeled as NC), and the blank control group (CON), cou-
pled with 3 duplications of each group. After 72 hours 
of transfection, the gastric cancer cells of the SGC7901 
cell line were collected. Trizol reagent was used for RNA 
extraction in each group, and NANODROP 2000 spectro-
photometer was used for determining the purity and con-
centration of RNA. According to the instructions of the 
reverse transcription kit, RNA was reversely transcribed to 
cDNA. The SYBR real-time PCR was used for PCR ampli-
fication and the detection of the expression level of the 
gastric cancer cell line FUBP1 mRNA to screen out the 
RNA interference lentiviral vector with the highest inhib-
iting efficiency compared with the NC group as the effec-
tive target for the further experiments. The primers of the 
FUBP1 gene and the reference gene were as follows: the 
size of the FUBP1 fragment was about 121bp, coupled with 
upstream primer 5’-CTGGTGTTCGCATTCAGTT-3’ and 
downstream primer 5’-CCAGTTGCCTTGACCTCTAC-3’; 
the size of GAPDH was 191 bp, coupled with upstream 
primer 5’-TGACTTCAACAGCGACACCCA-3’ and down-
stream primer 5’-CACCCTGTTGCTGTAGCCAAA-3’. 
PCR reaction condition: 95°C, degeneration for 30 s, one 
cycle; PCR reaction: 95°C for 5 s, 60°C for 30 s, 40 cycles; 
fusion: 95°C for 5 s, 60°C for 1 min, one cycle; cooling: 
50°C for 30 s, one cycle. The 2−ΔΔCt method was used for 
the data analysis of the experimental results.

Total Protein Extraction and Western Blot
NP40 protein lysate was added into the gastric cancer cell 
line SGC7901 after 72 hours’ transfection for extraction 
of total cell protein in each group. The protein concentra-
tion was measured in accordance with BCA quantification 
kit. SDS-PAGE electrophoresis was used for separat-
ing the objective protein and transferring it to the PVDF 
membrane. Blocking buffer (TBST solution containing 5% 
skim milk) was used for blocking the PVDF membrane for 

1 hour at room temperature or 4°C overnight, followed by 
antibody hybridization. The first antibody reaction solu-
tion of rabbit-anti-human FUBP1 monoclonal antibody 
(1:2000) was used for blocking the PVDF membrane, 
overnight at 4°C. Goat-anti-rabbit IgG secondary anti-
body reaction solution (1:5000) was used for blocking the 
PVDF membrane for 1.5 hours at room temperature. The 
image was developed using an ECL-PLUS kit. 

CCK8-Detection of Cell Proliferation
The gastric cancer cells were inoculated into 96-well 
plates (3000/well), which were grouped and labeled, cou-
pled with each group of 5 duplications. During the 5 days 
after transfection, one plate was taken out at the same 
time every day, and 10 µl of CCK-8 reagent was added 
into each well for 4 hours’ culture. The value of the OD450 
wave was measured by the microplate reader provided by 
Thermo Fisher. The experimental results were collected 
for data analysis.

Cell Cycle Examination
The gastric cancer cells were inoculated into 6-well plates, 
which were grouped and labeled, coupled with each group 
of 3 duplications. Cell passage culture was performed on 
the third day after transfection. The cells were collected 
on the fifth day and the number of cells in each sample 
was adjusted to more than 106. Pre-cooled PBS was used 
to wash the cell precipitation once, followed by centrifu-
gation to remove the supernatant and then by the addi-
tion of 900 µL pre-cooled 75% ethanol. Finally, the cell 
sample was fixed at 4°C for one night. PBS was used to 
wash the cell precipitation once, and 500µl staining solu-
tion (50 ×PI (1 mg/mL): 50×RNaseA (2.5mg/ml): 1×PBS = 
40: 20: 940) was added. After staining in a dark place in 
4°C for 30mins, flow cytometry was used for detection 
and analysis of the results.

Cell Apoptosis Detection
The gastric cancer cells were inoculated into 6-well plate, 
which were grouped and labeled, coupled with each group 
of 3 duplications. Cell passage culture was performed on 
the third day after transfection. The cells were collected 
on the fifth day and the number of cells in each cell sam-
ple was adjusted to more than 106. Pre-cooled PBS and 
1×blinding buffer were used to wash the cell precipitation 
once, and then centrifuged to remove the supernatant, 
followed by the addition of 400 µL 1×blinding buffer and 
10 µL Annexin V-APC staining solution. After staining in a 
dark place at room temperature for 15 min, flow cytom-
etry was used for the detection and analysis of results.
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Cell Wound Scratch Assay
The gastric cancer cells were inoculated into 96-well 
plate (3 × 104/well), which were grouped and labeled, cou-
pled with each group of 5 duplications. After transfection 
for 72 hours, the scratch tester was pushed up along the 
central part of the bottom of the 96-well plate to form a 
scratch. Serum-free 1640 medium was used to wash the 
96-well plate 3 times, and then the medium with a low 
concentration of serum (0.5% FBS) was added. Images 
were obtained at 0, 8, and 24 hours after forming the 
scratch to calculate the migration distance and migration 
rate.

Transwell Assay
The transwell was inserted into the 24-well plate, 
grouped and labeled, coupled with 3 duplications. Trypsin 
was used to digest the gastric cancer cells after trans-
fection for 72 hours, and serum-free 1640 medium was 
added to form a cell suspension. Then, 100µl of the cell 
suspension was added into the upper chamber (105/well) 
and 600 µL 1640 medium (30% FBS) was added into the 
lower chamber as chemokines. The cells were placed in 
an incubator to culture for 18 hours. A cotton swab was 
used to gently wipe the non-migratory cells on the upper 
surface, followed by the addition of 2-3 drops of Giemsa 
to stain the migrator cells on the lower surface for 5 min, 
which was then washed out with PBS and observed under 
the microscope. Images were obtained after drying. Four 
100-fold pictures and 9200-fold pictures were obtained 
of for each transwell chamber. According to the 200-fold 
picture, the migratory cells per field of each group were 
calculated.

Statistical Analysis
The data of each experiment were represented as mean 
± standard deviation. The homogeneity test of variances 
and the t-test were performed using SPSS 21.0 when any 
2 groups were compared, and showed statistically signifi-
cant difference (P < .05).

RESULTS
Selection of Multiplicity of Infection (MOI = 30)
Negative-RNAi lentiviral vectors were used to transfect 
the gastric cancer cell line SGC7901 in accordance with 
MOI = 0, MOI = 20, MOI = 30, and MOI = 40. After 72 
hours, flow cytometry was used to detect the transfec-
tion efficiency, which was 1%, 60.6%, 85.2%, and 93.5% 
respectively. An inverted fluorescence microscope was 
used to observe the cell transfection (Figure 1). When 

MOI = 20, the transfection efficiency was about 50%, and 
when MOI = 30 or MOI = 40, the transfection efficiency 
was higher than 80%, and the cells were in good condi-
tion. Thus, MOI = 30 was elected as the best MOI, which 
could not only reduce experiment cost but obtain higher 
transfection efficiency, reflecting the rationality of the 
experimental design.

Lentiviral Vector-Mediated RNA Interference 
Inhibiting the Expression of FUBP1 mRNA
The results of the qRT-PCR (Table 1) show that the 
expressions of FUBP1 mRNA of the CON group and NC 
group were 1.004 ± 0.066 and 1.001 ± 0.000, respectively. 
Compared with that of the NC group, the expression of 
FUBP1 mRNA of the KD1 group was significantly down-
regulated (0.343 ± 0.085, P < .01), coupled with knock-
down efficiency of 65.7%. The expression of FUBP1 
mRNA in the KD2 group was significantly down-regu-
lated (0.343 ± 0.085, P < .01), coupled with knock-down 

Figure 1. Lentiviral transfection photographs of the gastric cancer 
cell SGC7901 transfected with lentiviral vector. (magnification, 

100×). (Left, white light; Right, green fluorescence)
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efficiency of 70.4%. The expression of FUBP1 mRNA 
of the KD3 group was not changed (1.054 ± 0.096,  
P > .05), and was without knock-down efficiency. The 
data above indicate that RNA interference could inhibit 
the expression of FUBP1 mRNA of gastric cancer cells. The  
KD2 group had the highest knock-down efficiency. The 
FUBP1-RNAi-KD2 lentiviral vector was selected for  
the following experiments. 

Lentiviral Vector-Mediated RNA Interference 
Inhibiting the Expression of FUBP1 Protein
The results of the western blot assay showed that com-
pared to the NC group and the CON group, the expres-
sion of FUBP1 protein in the KD2 group was significantly 
reduced (Figure 2). The results could be obtained by the 
densitometry analysis of WB. Compared with that of the 
NC group, the relative expression of the FUBP1 protein 
of the KD2 group was 25.6%, decreasing by 74.4%, 
which was consistent with the result of the RT-PCR. It 
indicated that the lentiviral vector FUBP1-RNAi-KD2-
mediated RNA interference could effectively inhibit 

the FUBP1 expression of the gastric cancer cell line 
SGC7901.

FUBP1 Silencing Inhibits the Proliferation of Gastric 
Cancer Cells
According to the OD values of each group, measured over 
5 days, the values for OD450/fold of KD2 group, the NC 
group, and CON group were calculated, that is, the fold 
of OD value of each group from day 1 to day 5, compared 
with OD450 on day 1, representing daily proliferation 
times and cell proliferation times. The cell proliferation 
time curve was drawn in accordance with the results 
above, which showed (Table 2) that compared with the 
NO group and the CON group, the cell proliferation time 
of the KD2 group was significantly reduced for 5 consec-
utive days, indicating that the lentiviral vector transfect-
ing the gastric cancer cell line SGC7901 could inhibit the 
cell proliferation. 

FUBP1 Silencing Affects the Cell Cycle Distribution 
of Gastric Cancer Cells
The results of the PI-FACS cell cycle (Table 3) showed 
that the cell percentages in the G0/G1 phase of the CON 
group and the NC group were 38.16 ± 2.30 and 39.01 ± 
0.20, respectively; the cell percentages in the S phase 
were 43.43 ± 2.18 and 43.85 ± 0.01, respectively; and the 
cell percentages in the G2/M phase were 18.41 ± 0.11 and 
17.14 ± 0.19, respectively. Compared with those of the NC 
group and the CON group, the cell percentages in the S 
phase of the KD2 group were obviously increased (60.74 
± 1.68, P < .01), and the cell percentages in the G0/G1 
and G2/M phases were decreased (30.48 ± 2.01, P < .01; 
8.78 ± 0.51, P < .01). Silencing of the FUBP1 gene affected 
the distribution of the cell cycle, and also affected the cell 
proliferation and division, resulting in decreased cell per-
centages in the G2/M phase and S-phase arrest, which 
was consistent with the detection results of CCK-8. It 

Table 1. Effect of Different shRNA Sequences on the Expression 
of FUBP1 mRNA (χ ± S)

Group 2−ΔΔCt Inhibition Ratio

CON 1.004 ± 0.066 −0.3%

NC 1.001 ± 0.000 0

KD1 0.343 ± 0.085* 65.7%*

KD2 0.296 ± 0.067* 70.4%*

KD3 1.054 ± 0.096 −5.4%
*P < .05.

Figure 2. The protein expression of FUBP1 of different groups by 
Western blot gel.

Table 2. The Fold of OD Value of Each Group from the Day 1 to 
Day 5 (χ ± S)

Group Day 1 Day 2 Day 3 Day 4 Day 5

CON 1 ± 0.029 2.394 ± 
0.038

4.029 ± 
0.190

5.082 ± 
0.134

5.596 ± 
0.181

NC 1 ± 0.026 2.118 ± 
0.046

3.576 ± 
0.087

4.513 ± 
0.040

5.349 ± 
0.091

KD 1 ± 0.035* 1.934 ± 
0.057*

3.060 ± 
0.036*

3.883 ± 
0.099*

4.755 ± 
0.087*

*P < .05.
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was further determined that RNA interference could 
inhibit cell proliferation through the expression of the 
FUBP1 gene of the gastric cancer cell line.

FUBP1 Silencing Has No Significant Effect on 
Apoptosis of Gastric Cancer Cells
The results of Annexin V-APC single-stain-detecting cell 
apoptosis (Table 4) showed that the cell apoptosis rates 
of the CON group and the NC group were 2.54 ± 0.138 
and 2.26 ± 0.266, respectively. Compared with that of the 
NC group and the CON group, the cell apoptosis rate of 
the KD2 group was increased (3.53 ± 0.410, P < .05), but 
it was lower than 5%, which indicated that the apopto-
sis of gastric cancer cells was not obvious, and was still 
determined to be a negative result.

FUBP1 Silencing Has No Significant Effect on 
Migration of Gastric Cancer Cells
To further study on the effect of FUBP1 silencing on 
migration of the gastric cancer cell line SGC7901, we 
designed a wound scratch assay and a transwell assay. 
The result of the wound scratch assay (Table 5, Figure 3) 

showed that compared with the CON group and the NC 
group, there was no significant difference in the migra-
tion rate after wound scratch for 8 hours (28%, P > .05) 
and the migration rate after wound scratch for 24 hours 
(54%, P > .05) in the KD2 group, showing no statistically 
significant difference.

The result of the transwell assay (Table 6, Figure 4) showed 
that the migratory cell numbers of the CON group and 
the NC group were 160 ± 0.59 and 157 ± 1.64. Compared 
with the NC group and the CON group, there was no sig-
nificant difference on the migratory cells per field in the 
KD2 group (156 ± 6.12, P > .05).

DISCUSSION
Gastric cancer is a kind of gastrointestinal cancer that 
poses a serious threat to human health. Some epidemi-
ological studies have shown that the prevalence rate of 
gastric cancer is affected to a large extent by the host’s 
susceptibility, environmental triggering factors, and other 
aspects, and that Helicobacter pylori infection plays the 
most important role in the etiology of gastric cancer.9 The 
development and progression of gastric cancer is a com-
plicated process involving multiple factors, multiple steps, 
and interactions of multiple genes. Multiple changes in the 
genetic and epigenetic mechanisms, such as gene muta-
tion, gene amplification, gene deletion, and chromosomal 
translocation result in the activation of tumor-related 
oncogenes, inactivation of tumor suppressor genes, and 
abnormal regulation of tumor-related signal transduc-
tion pathways. These gene-level variations are the key 
to promote the development and progression of gastric 
cancer.10-13 At present, the treatment methods of gastric 
cancer include the combination of endoscopic minimally 
invasive therapy, surgery, chemotherapy, and radiation 
therapy. Due to the increasing limitations of these con-
ventional methods in the process of gastric cancer treat-
ment, researchers begin to study the pathogenesis of 
gastric cancer at the gene level to find a new treatment 
strategy for gastric cancer.

RNA interference is also known as post-transcriptional 
gene silencing (PTGS),14,15 the mechanism of which could 
be summarized as follows: the invasion of an exogenous 
gene induces the cells in vivo to produce long double-
stranded RNA (dsRNA), which could be divided into 
small interfering RNA of about 21-23 nucleotide frag-
ments long (siRNA), by endonuclease Dicer.16 Then, siRNA 
binds with some nuclease complex to form RNA-induced 
silencing complex (RISC); activated RISC could bind with 
targeted mRNA specifically to inhibit the expression of 

Table 3. The Cell Percentages in Each Phase of the PI-FACS Cell 
Cycle (χ ± S)

Group G0/G1 S G2/M

CON 38.16 ± 2.30 43.43 ± 2.18 18.41 ± 0.11

NC 39.01 ± 0.20 43.85 ± 0.01 17.14 ± 0.19

KD 30.48 ± 2.01* 60.74 ± 1.68* 8.78 ± 0.51*

*P <.05.

Table 4. The Cell Apoptosis Rate of Each Group by Annexin 
V-APC Single-Stain (χ ± S)

Group The Apoptosis Rate(%)

CON 2.54 ± 0.138

NC 2.26 ± 0.266

KD 3.53 ± 0.410*

*P < .05.

Table 5. The Migration Rate of Each Group After Wound Scratch 
for 8 Hours and 24 Hours by Transwell Assay (χ ± S)

Group 8h 24h

CON 0.21 ± 0.03 0.44 ± 0.07

NC 0.26 ± 0.05 0.48 ± 0.04

KD 0.28 ± 0.04* 0.54 ± 0.05*

*P < .05.
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the targeted gene.17,18 The key processes of triggering 
RNA interference are to synthetize siRNA and to intro-
duce siRNA to specified cells and tissues successfully. In 
this study, the utilization of lentiviral vector in transfect-
ing gastric cancer cells could not only effectively promote 
the expression of specific silencing of targeted genes, but 
could also integrate shRNA into the host chromosome, 
achieving the stable transfection of siRNA.

FUBP1 is a member of the ancient single-stranded DNA-
binding protein family, which is located in human chro-
mosome 1p31.1 and contains 658 amino acids. The 
molecular weight of FUBP1 is about 67KD. FUBP1, com-
posed of an amino-terminal domain, a central domain, 
and a carboxyl-terminal domain, is very conservative in 
structure, and the middle part is connected by variable 
regions.19,20 The central domain of FUBP1 is key to the 
regulatory function, and FUBP1 could be involved in the 

transcriptional regulation of multiple genes through bind-
ing to the FUSE sequence at the upstream of the tran-
scription start site. The most extensively studied gene is 
the oncogene c-myc, the activation of which is closely 
related to the development and progression of mul-
tiple cancers. In recent years, some studies have shown 
that the FUBP1 protein is overexpressed in multiple 
malignant tumors including medulloblastoma,21 breast 
cancer,22 renal cell carcinoma,23 hepatocellular carci-
noma,24 and colorectal cancer,25 and is positively cor-
related with the expression of the c-myc gene, which 
jointly promote the development and progression of 
cancer. Liu and Hu determined that the expressions of 
FUBP1 and c-myc were up-regulated to various degrees 
in 12 kinds of nasopharyngeal carcinoma cell lines, show-
ing positive correlation in the expression of both through 
Spearman’s correlation analysis. Subsequently, qRT-PCR 
revealed that FUBP1 and c-myc were overexpressed 
in the nasopharyngeal carcinoma tissues of 29 cases, 
compared to that of adjacent tissues, and a certain posi-
tive regulatory relationship between FUBP1 and c-myc 
expression was determined, through analysis.26 Based on 
the experiments above, Liu determined that the inhibi-
tory effect of siRNA interference on FUBP1 expression 
could inhibit cell proliferation, colony formation, and the 
growth of the xenograft tumor through cells experimen-
tally in vitro and in the naked-mouse xenograft tumor 
experiment.26 All of the above studies show that there 

Figure 3. The photographs of the gastric cancer cell SGC7901 after wound scratch for 0 hours, 8 hours, and 24 hours in each group.

Table 6. The Migration Rate of Each Group for 18 Hours by 
Transwell Assay (χ ± S)

Group Migratory Cells per Field

CON 160 ± 0.59

NC 157 ± 1.64

KD 156 ± 6.12*

*P > .05.
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is an intrinsic positive regulation relationship between 
FUBP1 and c-myc expression.

In previous studies, we have used FQ-PCR and immuno-
histochemical staining to determine that the expression 
of mRNA and protein of FUBP1 in gastric cancer tissues 
is obviously higher than that in adjacent tissues, chronic 
superficial gastritis, and chronic atrophic gastritis.27 In 
order to further explore the effect of the FUBP1 gene on 
the biological function of the gastric cancer cell and its 
role in the pathogenesis of gastric cancer, we designed 
this research and successfully constructed the shRNA 
lentiviral vectors of the targeted gene FUBP1. After trans-
fecting gastric cancer cell line SGC7901, the expression 
of FUBP1 was effectively inhibited. And the silencing of 
the FUBP1 gene expression by RNA interference could 
inhibit the proliferation and division of the gastric can-
cer cell line SGC7901 and affect the cell cycle distribu-
tion, by decreased cell proliferation and S-phase arrest. 
However, FUBP1 gene silencing had no significant effect 
on the apoptosis and migration of gastric cancer cells. 
The FUBP1 gene may not be involved in the apoptosis 
and migration of gastric cancer cells. In conclusion, spe-
cifically and effectively silencing the FUBP1 gene through 
RNA interference may provide a potential therapeutic 
strategy for gastric cancer. It is also suggested that the 
FUBP1 gene may be a potential target for the genetic 
study and therapy of gastric cancer.

Ethics Committee Approval: This study was approved by the Ethics 
Review Committee of PLA 960th Hospital, Number 
2013ZD06.12/2013.

Informed Consent: An informed consent was obtained from all par-
ticipants with a detailed description of the potential benefits from 
the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – Y.W., F.Z.; Design – Y.W., F.Z.; 
Supervision – Y.W., F.Z.; Resource – Y.W.; Materials – Y.Z.; Data 
Collection and/or Processing – F.Z., Y.Z.; Analysis and/or Interpretation 
– F.Z., Y.Z.; Literature Search – F.Z., Y.Z.; Writing – Y.Z.; Critical Reviews 
– Y.W., F.Z.

Conflict of Interest: The authors have declared that no conflicts of 
interest exist.

Financial Disclosure: This study was funded by Presidential 
Foundation of PLA 960th Hospital (Grant no. 2013ZD06).

REFERENCES
1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and 
mortality worldwide: sources, methods and major patterns in GLO-
BOCAN 2012. Int J Cancer. 2015;136(5):E359-E386. [CrossRef]
2. Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer 
prevalence for 27 sites in the adult population in 2008. Int J Cancer. 
2013;132(5):1133-1145. [CrossRef]
3. Guo S, Kemphues KJ. par-1, a gene required for establishing 
polarity in C. elegans embryos, encodes a putative Ser/Thr kinase 
that is asymmetrically distributed. Cell. 1995;81(4):611-620. 
[CrossRef]
4. Fire A, Xu S, Montgomery MK, et al. Potent and specific genetic 
interference by double-stranded RNA in Caenorhabditis elegans. 
Nature. 1998;391(6669):806-811. [CrossRef]
5. Rydziel S, Delany AM, Canalis E. AU-rich elements in the colla-
genase 3 mRNA mediate stabilization of the transcript by cortisol in 
osteoblasts. J Biol Chem. 2004;279(7):5397-5404. [CrossRef]

Figure 4. The photographs of Transwell assay (magnification, 100× and magnification, 200×).

https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.27711
https://doi.org/10.1016/0092-8674(95)90082-9
https://doi.org/10.1038/35888
https://doi.org/10.1074/jbc.M311984200


Zhang and Zhang.  FUBP1 Gene of  Gastr ic  Cancer Cel l  Turk J  Gastroenterol  2021;  32(11) :  923-931

931

6. Avigan MI, Strober B, Levens D. A far upstream element stimulates 
c-myc expression in undifferentiated leukemia cells. J Biol Chem. 
1990;265(30):18538-18545. [CrossRef]
7. Liu J, Kouzine F, Nie Z, et al. The FUSE/FBP/FIR/TFIIH system is a 
molecular machine programming a pulse of c-myc expression. EMBO 
J. 2006;25(10):2119-2130. [CrossRef]
8. Chung HJ, Levens D. c-myc expression: keep the noise down! Mol 
Cells. 2005;20(2):157-166.
9. Kato M, Asaka M. Recent development of gastric cancer preven-
tion. Jpn J Clin Oncol. 2012;42(11):987-994. [CrossRef]
10. Figueiredo C, Garcia-Gonzalez MA, Machado JC. Molecular 
pathogenesis of gastric cancer. Helicobacter. 2013;18(suppl 1):28-
33. [CrossRef]
11. Resende C, Ristimäki A, Machado JC. Genetic and epigenetic 
alteration in gastric carcinogenesis. Helicobacter. 2010;15(suppl 
1):34-39. [CrossRef]
12. Wang K, Yuen ST, Xu J, et al. Whole-genome sequencing and 
comprehensive molecular profiling identify new driver mutations in 
gastric cancer. Nat Genet. 2014;46(6):573-582. [CrossRef]
13. Cui J, Yin Y, Ma Q, et al. Comprehensive characterization of the 
genomic alterations in human gastric cancer. Int J Cancer. 
2015;137(1):86-95. [CrossRef]
14. Elbashir SM, Harborth J, Lendeckel W, et al. Duplexes of 21-nucle-
otide RNAs mediate RNA interference in cultured mammalian cells. 
Nature. 2001;411(6836):494-498. [CrossRef]
15. Hannon GJ. RNA interference. Nature. 2002;418(6894):244-251. 
[CrossRef]
16. Zamore PD, Tuschl T, Sharp PA, Bartel DP. RNAi: double-stranded 
RNA directs the ATP-dependent cleavage of mRNA at 21 to 23 
nucleotide intervals. Cell. 2000;101(1):25-33. [CrossRef]
17. Hammond SM, Bernstein E, Beach D, Hannon GJ. An RNA-
directed nuclease mediates post-transcriptional gene silencing in 
Drosophila cells. Nature. 2000;404(6775):293-296. [CrossRef]
18. Hutvagner G. Small RNA asymmetry in RNAi: function in RISC 
assembly and gene regulation. FEBS Lett. 2005;579(26):5850-5857. 
[CrossRef].

19. Duncan R, Bazar L, Michelotti G, et al. A sequence-specific, sin-
gle-strand binding protein activates the far upstream element of 
c-myc and defines a new DNA-binding motif. Genes Dev. 
1994;8(4):465-480. [CrossRef]
20. Duncan R, Collins I, Tomonaga T, Zhang T, Levens D. A unique 
transactivation sequence motif is found in the carboxyl-terminal 
domain of the single-strand-binding protein FBP. Mol Cell Biol. 
1996;16(5):2274-2282. [CrossRef]
21. Engidawork E, Afjehi-Sadat L, Yang JW, Slavc I, Lubec G. Protein 
chemical identification and characterization of the human variants 
of far upstream element-binding protein in medulloblastoma DAOY 
cell line. Int J Oncol. 2006;29(3):721-736. [CrossRef]
22. Dong C, Yuan T, Wu Y, et al. Loss of FBP1 by Snail-mediated 
repression provides metabolic advantages in basal-like breast can-
cer. Cancer Cell. 2013;23(3):316-331. [CrossRef]
23. Weber A, Kristiansen I, Johannsen M, et al. The FUSE binding 
 proteins FBP1 and FBP3 are potential c-myc regulators in renal, but 
not in prostate and bladder cancer. BMC Cancer. 2008;8:369. 
[CrossRef]
24. Lü HN, Zhang FC, Wang YJ. The effect of far upstream element-
binding protein-1 on the pathogenesis of human hepatocellular car-
cinomas. Zhonghua Gan Zang Bing Za Zhi. 2011;19(9):696-698. 
[CrossRef]
25. Jia MY, Wang YJ. Far upstream element-binding protein 1 
(FUBP1) expression differs between human colorectal cancer  
and non-cancerous tissue. Neoplasma. 2014;61(5):533-540. 
[CrossRef]
26. Liu ZH, Hu JL, Liang JZ, et al. Far upstream element-binding 
 protein 1 is a prognostic biomarker and promotes nasopharyngeal 
carcinoma progression. Cell Death Dis. 2015;6:e1920. [CrossRef]
27. Zhang F, Tian Q, Wang Y. Far upstream element-binding protein 
1 (FUBP1) is overexpressed in human gastric cancer tissue compared 
to non-cancerous tissue. Onkologie. 2013;36(11):650-655. 
[CrossRef]

https://doi.org/10.1016/S0021-9258(17)44785-5
https://doi.org/10.1038/sj.emboj.7601101
https://doi.org/10.1093/jjco/hys151
https://doi.org/10.1111/hel.12083
https://doi.org/10.1111/j.1523-5378.2010.00782.x
https://doi.org/10.1038/ng.2983
https://doi.org/10.1002/ijc.29352
https://doi.org/10.1038/35078107
https://doi.org/10.1038/418244a
https://doi.org/10.1016/S0092-8674(00)80620-0
https://doi.org/10.1038/35005107
https://doi.org/10.1016/j.febslet.2005.08.071
https://doi.org/10.1101/gad.8.4.465
https://doi.org/10.1128/MCB.16.5.2274
https://doi.org/10.3892/ijo.29.3.721
https://doi.org/10.1016/j.ccr.2013.01.022
https://doi.org/10.1186/1471-2407-8-369
https://doi.org/10.3760/cma.j.issn.1007-3418.2011.09.015
https://doi.org/10.4149/neo_2014_065
https://doi.org/10.1038/cddis.2015.258
https://doi.org/10.1159/000355659

