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Introduction

Gastric cancer (GC), the fourth most common mali-
gnant tumor and the second leading cause of tumor-related 
death, seriously threatens human health (1,2). Although 
the early detection rate of GC is rising due to the impro-
vement in gastroscopy and other diagnostic methods in 
recent years and certain progress has been made in com-
bination therapies such as surgery, chemoradiotherapy 
and immunotherapy (3-6), most patients still have tumor 
metastasis due to the characteristics of GC, including high 
heterogeneity, insidious onset and rapid development, 
resulting in the undesirable prognosis of the GC patients 
(7). As the understanding of the etiology, pathology and 
molecular mechanism of the disease is gradually deepe-
ned (8), some progress has been achieved in the selection 
of treatment protocols for GC (9,10), but no significant 
effects have been obtained yet. Therefore, further elabo-
rating the pathogenesis of GC, exploring new molecular 
targeted drugs and enhancing the patient's quality of life 
are still the key issues in the treatment of GC to be solved 
urgently.

Basic transcription factor 3 (BTF3) is a kind of pro-
tein separated from Hela cells at first, it forms stable com-
plexes by interacting with RNA Pol II to participate in 
transcription initiation (11). BTF3, a molecular chaperone-
like protein, can exert its biological function by means of 
interaction with different proteins, with the cytoplasm as 
the main site because the proportion of BTF3 in the cyto-
plasm is much higher than that in the nucleus (12,13). In 

recent years, some studies have successively discovered 
that BTF3 is closely associated with multiple tumors. The 
earliest proteomic analysis on Burkitt lymphoma cell line 
BL60-2 indicated that BTF3 is an anti-apoptotic factor 
(14). Wang et al. (15) proposed that BTF3 overexpression 
is an early event of colorectal cancer and may become a 
molecular marker of early diagnosis of the disease. Moreo-
ver, the overexpression of BTF3 is also reported one after 
another in prostate cancer (16) lung cancer (17) and pan-
creatic cancer (18).

Given the fact that no documents have reported the as-
sociation of BTF3 with GC, we thus aimed to investigate 
the significance of BTF3 in the process and clinicopatho-
logical parameters of GC patients.

Materials and Methods

Tissues collection
All samples were collected from patients diagnosed 

with GC in our hospital from April 2016 to December 
2018. The patients did not receive anti-tumor treatment 
such as chemotherapy or radiotherapy before surgery. Fol-
low-up of patients was performed according to the local 
clinical recommendation. The study was approved by the 
Ethics Committee of our hospital, and all patients signed 
informed consent before participating in the study. 

Culture of cells
The human gastric mucosal epithelial cell line GES-1 

and the human GC cell lines SGC-7901, BGC-823, and 
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MGC80-3 were derived from the American model culture 
collection (ATCC) (Manassas, VA, USA). Cells were 
supported with 10% fetal conventional culture in Ros-
well Park Memorial Institute 1640 (RPMI 1640) medium 
(HyClone, South Logan, UT, USA) containing bovine se-
rum and 1% penicillin-streptomycin. The condition of the 
constant temperature incubator was 37°C, containing 5% 
CO2. When the cell fusion degree reached 80% to 90%, the 
cells were washed 3 times with phosphate-buffered saline 
(PBS), and finally digested with 0.25% trypsin containing 
0.02% EDTA (ethylenediaminetetraacetic acid) and pas-
saged (in a ratio of 1:3) or subjected to cell experiment.

Cell transfection and grouping
When the cell density in the 6-well plate reached 50%, 

transfection was performed according to the reagent ma-
nufacturer's instructions. Briefly, BTF3-siRNA/si-RNA 
NC and lipo3000 were separately mixed with serum-free 
medium and allowed to stand at room temperature for 5 
minutes. Then, the above two mixtures were added toge-
ther and allowed to stand at room temperature for 20 mi-
nutes. Then add 2 mL per well and change to normal fresh 
medium after 6 h. Cells under transfection were thus divi-
ded into two groups: NC group (transfected with si-RNA 
NC) and si-BTF3 group (transfected with BTF3-siRNA).

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide) assay

When the cells were in the logarithmic growth phase, 
they were digested and counted, then 2000 cells per well, 
and 3 replicate wells per group were seeded in 96-well 
plates. The plate was placed in an incubator containing 5% 
CO2 and cultured at 37°C for 4 days. From the 2nd day of 
plating, 10 μL of MTT (Sigma-Aldrich, St. Louis, MO, 
USA) at a concentration of 5 mg/mL was added to each 
well of a 96-well plate and placed in an incubator. After 
4 h, the culture solution was discarded, 150 μL of DMSO 
(dimethylsulfoxide, dimethyl sulfoxide) was then added to 
each well to terminate the reaction, and the mixture was 
gently shaken and removed. The absorbance (A) was mea-
sured at 490 nm using a microplate reader. The A value of 
the cells was statistically analyzed and plotted.

Transwell assay
50 μL of Matrigel was added to the chamber of a 24-

well plate, incubated for 30 min at 37°C in a 5% CO2 incu-
bator, then 600 μL of medium containing 20% fetal bovine 
serum (FBS) (Gibco, Rockville, MD, USA) was added to 
the chamber. Next, 20,000 cells of each group were ad-
ded into the upper chamber, and incubated for 48 h in a 
5% CO2 incubator at 37°C. Then the chamber was taken 
out, cells in the upper were wiped off with a cotton swab, 
washed 3 times with PBS, followed by fixing in 4% para-
formaldehyde for 30 min. After washing with PBS three 
times, cells were stained with Giemsa stain for 30 min. 
Then, five fields of view were randomly selected under an 
inverted microscope, and the number of cells was counted 
by ImageJ software (NIH, Bethesda, MD, USA).

Quantitative real-time polymerase chain reaction (q-
PCR) analysis

RNA from tissues and cells was extracted with TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA), and the 
concentration and purity of RNA were determined using 

Nanodrop. After reverse transcription, 1 μg of cDNA was 
taken from each group, and 3 replicate wells were set for 
Q-PCR reaction. The expression level of glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was regarded as an 
internal reference, and the value calculated by the 2-ΔΔCT 
method was regarded as the relative gene expression level 
in each group. 

Western blot analysis
After washing three times with cold PBS, the cells 

were added with the lysate (radioimmunoprecipitation 
assay (RIPA) and phenylmethylsulfonyl fluoride at 100:1) 
and lysed on ice for 30 min (Beyotime, Shanghai, China). 
Then, the mixture was collected and centrifuged at 15°C 
for 15 min, followed by transferring the supernatant to a 
new 1.5 mL tube. Later, the protein concentration in each 
group was determined by the bicinchoninic acid (BCA) 
Protein Quantitation Kit (Beyotime, Shanghai, China) and 
added to the sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel at 30 ug/well for elec-
trophoresis and membrane transfer. After these, the poly-
vinylidene fluoride (PVDF) membranes (Millipore, Bille-
rica, MA, USA) were placed in tris buffered saline-tween 
(TBST) + 5% skim milk powder for 2 h, and washed with 
TBST three times. Then, the PVDF membranes were se-
parately incubated in the corresponding primary antibody 
overnight, and the secondary antibody was 37°C for 30 
min, respectively. Finally, the PVDF membranes were 
placed on a chemi-luminescence imager for imaging.

Statistical analysis
Statistical analysis was performed using Statistical Pro-

duct and Service Solutions (SPSS) 22. 0 software (IBM, 
Armonk, NY, USA). Data were represented as mean ± SD 
(Standard Deviation). The t-test was used for analyzing 
measurement data. Differences between the two groups 
were analyzed by using the Student's t-test. Compari-
son between multiple groups was done using a One-way 
ANOVA test followed by Post Hoc Test (Least Significant 
Difference). Survival analysis was performed using the 
Kaplan-Meier method and Log-rank analysis. The asso-
ciation between BTF3 and clinicopathological parameters 
of GC patients was performed by Chi-square test. P<0.05 
indicated that the difference between the groups is statisti-
cally significant.

Results

The expression level of BTF3 in gastric cancer tissues 
and cells

We first extracted RNA from GC tissues and adjacent 
normal tissues, then detected BTF3 expression using 
Q-PCR. The results showed that the expression level of 
BTF3 in GC tissues was significantly higher than that in 
normal tissues (Figure 1A, P<0.01). Consistent with this, 
in contrast to GES-1 cells, an increased expression level of 
BTF3 was also detected in GC cell lines, including SGC-
7901, BGC-823, and MGC80-3 (Figure 1B), suggesting 
that the abnormal expression of BTF3 might be implicated 
in mediating the pathogenesis of GC.

Clinical significance of BTF3 in human gastric cancer
According to the expression level of BTF3 detected by 

Q-PCR, 72 cases of GC tissues were divided into BTF3 
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GC tissues and cells, we thus aimed to knock down its 
expression to further investigate the effect of BTF3 on 
GC cells. Thereby, we selected BGC-823 and MGC80-3 
cell lines for BTF3-siRNA transfection according to the 
Q-PCR results. As shown in Figure 3, compared to untrea-
ted cells, both the mRNA and protein expression levels of 
BTF3 were clearly suppressed in BGC-823 and MGC-80-
3 cells after transfection of siRNA, respectively.

Inhibition of BTF3 impeded the viability and invasion 
ability of GC cells

After suppressing the expression of BTF3, the viability 
was evaluated in BGC-823 and MGC-80-3 cells by perfor-
ming MTT assay. As shown in Figure 4A, 4B, in contrast 
to normal cells, an impeded cell viability in 72 h and 96 
h trigged by knockdown of BTF3 was observed in BGC-
823 and MGC-80-3 cells, respectively. Meanwhile, the 
invasion ability in GC cells determined by transwell assay 
showed that BGC-823 and MGC-80-3 cells with BTF3-
siRNA treatment also exhibited restrained invasion ability 
than those normal cells without transfection, respectively 
(Figure 4C-4D).

low expression group (28/72) and BTF3 high expression 
group (44/72) according to the mean expression. Sub-
sequently, the correlation between BTF3 expression le-
vel and clinicopathological parameters was analyzed. As 
shown in Table 1, there was no correlation between the 
expression level of BTF3 and the patient's age (P=0.6324), 
gender (P=0.6287), and Helicobacter pylori (HP) positive 
(P=0.4762) in the included GC samples. However, it was 
related to the Grade (P=0.0032), Lymph node metasta-
sis (P=0.0030) and stage (P=0.0143) of GC. In addition, 
72 patients with GC were followed up in this study. The 
follow-up results in Figure 2A, B showed that patients 
with low expression of BTF3 had significantly improved 
progression-free survival (P=0.0088) and overall survi-
val (P=0.0457) than those with high expression of BTF3. 
These results provided certain evidences that BTF3 was 
involved in the progression of GC. 

 
Transfection of BTF3-siRNA suppressed BTF3 expres-
sion

Since BTF3 was found abnormally overexpressed in 

Figure 1. Expression of BTF3 in GC tissues and cells. (A) BTF3 
was significantly up-regulated in GC tissues compared to adjacent 
normal tissues. (B) BTF3 was obviously highly expressed in SGC-
7901, BGC-823 and MGC80-3 cell lines than that in GES-1 cell lines. 
(**P<0.01, ***P<0.001).

Features No.
BTF3 expression

p-value
high low

Gender 0.6324
Male 39 25 14
Female 33 19 14
Age(years) 0.6287
< 60 38 23 15
≥ 60 34 21 13
HP 0.4762
Positive 37 21 16
Negative 35 23 12
Grade 0.0032**
Low 28 11 17
Medium, High 44 33 11
Lymph node metastasis 0.0030**
No 30 12 18
Yes 42 32 10
Stage 0.0143*
I - II 28 12 16
III - IV 44 32 12

Table 1. BTF3 expression and clinical features of patients with GC.

Figure 2. Association between the BTF3 and survival of GC patients. 
High expression of BTF3 predicted a poor progression-free survival 
(A) and overall survival (B) in GC patients.
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Discussion

Currently, surgical procedures are still the preferred 
treatment protocols of GC patients in the early stage, but 
majorities of them lost the opportunity due to high inva-
siveness and lack of predictive biomarkers with strong 
sensitivity and specificity of GC (19,20). Besides, most of 
the GC patients have proceeded to the intermediate and 
advanced stages when definitely diagnosed, leading to 
poor prognosis and a 5-year overall survival rate of about 
20-35% (21,22). As for the GC patients who are unable to 
receive surgical resection and have distant metastasis, the 
median survival time is only 10-14 months (23). So far, 
there have been only a few targeted drugs at the molecular 
level for GC treatment, which have limited efficacy and 
inconspicuous effects on improving prognosis (24). The-
refore, it is essential to further elucidate the occurrence 
and development mechanisms of GC for developing new 
targeted drugs and promoting the clinical treatment of GC 
patients.

Existing functional analyses have manifested that BTF3 
played crucial roles in the occurrence and development of 

various tumors, including pancreatic cancer (18), osteo-
sarcoma cancer (25), colorectal cancer (15) and prostate 
cancer (PCa) (16). For instance, researchers have found 
that inhibition of BTF3 in PCa cells could reduce the stem 
cell-like phenotype and expression of stem cell-associated 
markers, further affecting the malignant biological beha-
viors of PCa such as proliferation and migration (16). In 
addition, Zhang et al. (26) revealed that upregulation of 
BTF3 affected the proliferation, apoptosis, and cell cycle 
regulation in hypopharyngeal squamous cell carcinoma. 
Moreover, Ding et al. (27) demonstrated that inhibition of 
BTF3 sensitized luminal breast cancer cells to PI3Kα inhi-
bition through the transcriptional regulation of ERα. 

Although a large number of reports indicated that 
BTF3 was widely involved in the development and pro-
gression of tumors and played an important role, whether 
BTF3 was related to GC remains unknown. In this paper, 
we initially compared the expression levels of BTF3 in 
tumor tissues and adjacent normal tissues of GC patients. 
Consistent with other literatures (25,28), BTF3 was highly 
expressed in GC tissues. Subsequently, we verified the 
abnormal expression pattern of BTF3 in GC cell lines, 
indicating the important molecular role of BTF3 in the 
development of GC.

The prognosis of a tumor patient depends on the cha-
racteristics of the tumor at a large extent, including tu-
mor size, lymph node metastasis, distant metastasis, etc. 
(23,24,29). To this end, we analyzed the clinicopatholo-
gical features of BTF3 and GC patients in order to better 
explore its potential biological significance. We found a 
clear correlation between BTF3 and the Grade, Lymph 
node metastasis and stage of GC, whereas no association 
was observed between BTF3 and GC patient's age, gen-
der, and HP. In addition, we analyzed the follow-up results 
and found that GC patients with high expression of BTF3 
had shorter progression-free survival and overall survival 
than those with low expression of BTF3. Based on these 
findings, we later performed MTT and transwell assay in 
vitro. Not surprisingly, we found that both the cell viabi-
lity and invasion ability in the BTF3-siRNA group exhi-
bited different levels of decline compared to the NC group, 
implicating that inhibition of BTF3 in GC cells impaired 
their viability and invasion ability.

Conclusions
In this paper, we demonstrated that BTF3 was abnor-

mally highly expressed in GC tissues and cells, and was 
clearly related to the Grade, Lymph node metastasis and 
stage of GC patients, as well as the poor progression-free 
survival and overall survival of them. In addition, we illus-
trated that suppression of BTF3 could trigger the impair-
ment of the viability and invasion ability of GC cells, sug-
gesting that BTF3 could be regarded as a new target for the 
diagnosis and therapy of GC.
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