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Eukaryotic translation initiation factor 3B downregulation inhibits 
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Background: This study aimed to detect eukaryotic translation initiation factor 3B (EIF3B) expression 
in gastric cancer (GC) cell lines, and further explore the effect of EIF3B downregulation on GC cell 
proliferation and apoptosis.
Methods: EIF3B mRNA expression and protein expression in human GC cell lines (NCI-N87, AGS, 
HGC-27, BGC-823 and MGC80-3) and human gastric mucosal epithelial cell line (GES-1) were detected. 
Control siRNA (Si-NC group) and EIF3B siRNA (Si-EIF3B group) were transfected into NCI-N87 cells. 
Rescue experiment was performed by transfection of EIF3B siRNA (Si-EIF3B group) and EIF3B siRNA plus 
tumor necrosis factor receptor superfamily member 21 (TNFRSF21) siRNA (Si-EIF3B & Si-TNFRSF21 
group) into NCI-N87 cells. Besides, cell proliferation, apoptosis, TNFRSF21 expression and TRAF1 
expression were assessed.
Results: EIF3B mRNA expression and protein expression were elevated in NCI-N87, AGS, HGC-27 and 
BGC-823 cell lines compared to GES-1 cell line. In NCI-N87 cells, proliferation was reduced in Si-EIF3B 
group compared to Si-NC group. For cell apoptosis, its rate and apoptotic marker C-Caspase 3 expression 
were increased but anti-apoptosis marker Bcl-2 expression was reduced in Si-EIF3B group compared to Si-
NC group. Moreover, mRNA expression and protein expression of TNFRSF21 were increased in Si-EIF3B 
group compared to Si-NC group, while mRNA expression and protein expression of TRAF1 were reduced 
in Si-EIF3B group compared to Si-NC group. In rescue experiment, cell proliferation was increased but 
apoptosis was decreased in Si-EIF3B & Si-TNFRSF21 group compared to Si-EIF3B group.
Conclusions: EIF3B is overexpressed in GC cell lines, and its downregulation inhibits cell proliferation 
while promotes apoptosis through negatively regulating TNFRSF21 in GC.
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Introduction

Gastric cancer (GC), the fifth most common cancer 
and the third cause of cancer-related deaths, has been 
reported to cause approximately 1,000,000 new cases and 
estimated 783,000 deaths worldwide during 2018 (1,2). 
Currently, dominant treatments for GC includes surgery, 
chemotherapy as well as radiotherapy, and there are great 
advances in these treatment methods in recent decades, 
whereas the 5-year survival rate is just less than 20% and the 
prognosis of GC patients is still far from satisfactory (2,3). 
Hence, it is urgently to investigate detailed mechanisms 
involved in the initiation and development of GC, which 
might contribute to exploring novel target for the GC 
treatment and improving the prognosis.

Eukaryotic translation initiation factors (EIFs) are well 
known to initiate protein translation by forming large 
complexes with ribosome and mRNA (4). As the largest 
member of EIFs, eukaryotic translation initiation factor 3 
(EIF3) consists of 13 subunits and participates in almost 
all stages of initiation processes (5). Eukaryotic translation 
initiation factor 3B (EIF3B), an important scaffolding 
subunit among EIF3, is reported to be highly expressed 
in different cancers (such as esophageal squamous cell 
carcinoma and glioblastoma, colon cancer and bladder 
cancer), furthermore, EIF3B has shown oncogenic effect in 
various cancer cells (6-12). For instance, EIF3B knockdown 
represses cell proliferation and promotes cell apoptosis via 
activating caspase-3/poly ADP-ribose polymerase (PARP) 
pathway in osteosarcoma cells (10). Also, EIF3B knockdown 
has been reported to inhibit cell proliferation, enhance cell 
apoptosis and induce G0/G1 arrest through inhibiting DNA 
replication in glioma cells (6). Besides, a study discloses that 
EIF3B knockdown reduces cell proliferation, cell migration 
and cell invasion through inhibiting β-catenin pathway in 
renal cell carcinoma cells (12). Another interesting study 
shows that EIF3B enhances cell proliferation as well as 
cell invasion via facilitates activation of β-catenin signaling 
pathway in esophageal squamous cell carcinoma cells (7). 
Considering that EIF3B had carcinogenic effect in these 
cancers, we speculated that targeting EIF3B might have 
therapeutic function in GC, whereas related evidence was 
limited. Thus, we conducted this study to detect EIF3B 
expression in GC cell lines, and further explore the effect 
of EIF3B downregulation on GC cell proliferation and cell 
apoptosis.

Methods

Cell lines

Human GC cell lines NCI-N87, AGS, HGC-27, BGC-823,  
MGC80-3 and human gastric mucosal epithelial cell line 
GES-1 were purchased from Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). NCI-N87,  
HGC-27, BGC-823, MGC80-3 and GES-1 cells were 
cultured in 90% Roswell Park Memorial Institute (RPMI) 
1640 Medium (Gibco, USA) supplemented with 10% fetal 
bovine serum (Gibco, USA), while AGS cells were cultured 
in 90% Ham’s F-12K (Kaighn’s) Medium (Gibco, USA) 
supplemented with 10% fetal bovine serum (Gibco, USA). 
All cell lines were cultured in the incubators at 37 ℃ under 
95% air and 5% CO2 condition. EIF3B mRNA expression 
in these cell lines was detected by quantitative polymerase 
chain reaction (qPCR), and its protein expression in each 
cell line was detected by Western Blot. The process of qPCR 
and Western Blot was shown in the followed subsections.

EIF3B siRNA transfection and subsequent detections

Control siRNA and EIF3B siRNA were established by 
Sangon Biotech (Shanghai) Co., Ltd (Shanghai, China). 
Then control siRNA and EIF3B siRNA were transfected 
into NCI-N87 cells by HilyMax (Dojindo, Japan) as Si-
NC group and Si-EIF3B group. Post transfection, EIF3B 
mRNA expression was detected at 24 h by qPCR, and 
EIF3B protein expression was detected at 24 h by Western 
Blot. Then cell proliferation ability was detected at  
0, 24, 48 and 72 h using Cell Counting Kit -8 (Sangon, 
China) according to the instructions. Besides, cell 
apoptosis rate was detected at 24 h using Annexin V-FITC 
Apoptosis Detection Kit (R&D, USA) according to the 
instructions. Finally, apoptosis markers [Cleaved Caspase 3  
(C-Caspase 3) and B-cell lymphoma-2 (Bcl-2)] protein 
expressions were detected at 24 h by Western blot.

Measurement of tumor necrosis factor receptor superfamily 
member 21 (TNFRSF21) and tumor necrosis factor 
receptor associated factor (TRAF1) expressions

We analyzed the downstream genes and pathways of EIF3B 
using KEGG (https://www.kegg.jp/) and GeneCards (http://
www.genecards.org/), and we observed that EIF3B negatively 

https://www.kegg.jp/
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regulated TNFRSF21. And previous data revealed that EIF3B 
functions as an oncogene via negatively regulating TNFRSF21 
in some cancers other than GC (10,11). Therefore, post 
transfection of control siRNA and EIF3B siRNA into 
NCI-N87 cells, TNFRSF21 and its downstream gene TRAF1 
expressions were detected at 24 h by qPCR and Western Blot.

EIF3B siRNA plus TNFRSF21 siRNA transfection and 
subsequent detections

EIF3B siRNA and TNFRSF21 siRNA were established 
by Sangon Biotech (Shanghai) Co., Ltd (Shanghai, 
China). Then EIF3B siRNA alone, and EIF3B siRNA 
plus TNFRSF21 siRNA were transfected into NCI-N87 
cells by HilyMax (Dojindo, Japan) as Si-EIF3B group 
and Si-EIF3B & Si-TNFRSF21 group. Post transfection, 

mRNA expressions of EIF3B, TNFRSF21 and TRAF1 
were detected at 24 h, and protein expressions of EIF3B, 
TNFRSF21 and TRAF1 were detected at 24 h. Then cell 
proliferation ability was detected at 0, 24, 48 and 72 h. 
Besides, cell apoptosis rate was detected at 24 h. Finally, 
apoptosis markers [Cleaved Caspase 3 (C-Caspase 3) and 
B-cell lymphoma-2 (Bcl-2)] protein expressions were 
detected at 24 h. The detection methods and reagent 
kits used in this section was the same as “EIF3B siRNA 
transfection and subsequent detections” section.

qPCR

The qPCR assay was performed as following steps: firstly, 
total RNA was extracted by TRIzol™ Reagent (Invitrogen, 
USA); secondly, reverse transcription to cDNA was conducted 
using ReverTra Ace® qPCR RT Kit (Toyobo, Japan); thirdly, 
qPCR was performed using KOD SYBR® qPCR Mix (Toyobo, 
Japan). In addition, the qPCR results were calculated by 2-ΔΔCt 
formula, and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was applied as the internal references. Primers 
used in qPCR assay were listed in Table 1.

Western blot

Protein expression in each cell line was detected by 
Western Blot as following steps: firstly, total protein was 
extracted from cells using RIPA Lysis Buffer (Beyotime, 
China); secondly, total protein concentration was assessed 
using BCA Protein Assay Kit (Beyotime, China); thirdly, 
electrophoresis was performed on NuPAGE™ 4–12% Bis-
Tris Protein Gels (Invitrogen, USA), and then proteins were 
transferred to polyvinylidene fluoride (PVDF) membrane 
(Millipore, German); Fourthly, membranes were incubated 
with primary and secondary antibodies in turn. Finally, 
bands were visualized with X-ray film (Kodak, USA). 
Information of antibodies was listed in Table 2.

Table 1 Primers list

Gene Forward primer (5'-3') Reverse primer (5'-3')

EIF3B CGTATGTGCGTTGGTCTCCTAA CCTTGGTGGCTGAATCTCTGAA 

TNFRSF21 CCTTCTCCGCTGTGACTCTAC CCTTCTCCGCTGTGACTCTAC

TRAF1 CTGAATGGAGATGGCACTGGAA TGCTCACGGTTGTTCTGGTC

GAPDH GACCACAGTCCATGCCATCAC ACGCCTGCTTCACCACCTT

EIF3B, eukaryotic translation initiation factor 3B; TNFRSF21, tumor necrosis factor receptor superfamily member 21; TRAF1, tumor 
necrosis factor receptor associated factor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Table 2 Antibodies list

Antibody Company Dilution

Primary antibody

Rabbit monoclonal to eIF3B Abcam (UK) 1:10,000

Rabbit polyclonal to DR6 (TNFRSF21) Abcam (UK) 1:1,000

Rabbit polyclonal to TRAF1 Abcam (UK) 1:500

Rabbit monoclonal to Caspase-3 CST (USA) 1:1,000

Rabbit monoclonal to Cleaved 
Caspase-3

CST (USA) 1:1,000

Rabbit monoclonal to Bcl-2 CST (USA) 1:1,000

Rabbit monoclonal to GAPDH CST (USA) 1:1,000

Secondary antibody

Goat anti-rabbit IgG H&L (HRP) CST (USA) 1:4,000

EIF3B, eukaryotic translation initiation factor 3B; TNFRSF21, 
tumor necrosis factor receptor superfamily member 21; TRAF1, 
tumor necrosis factor receptor associated factor; GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase.
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Statistics

Statistical analysis and graphs were performed using 
GraphPad Prism 7.01 Software (GraphPad Int., USA). 
Comparison among groups was detected by One-Way 
ANOVA test followed by multiple comparisons test 
(Dunnett-t-test), comparison between two groups was 
detected by t-test. P<0.05 was considered as significant.

Results

Comparison of EIF3B expression between various human 
GC cell lines and human gastric mucosal epithelial cell line

EIF3B mRNA expression was elevated in various human 
GC cell lines including NCI-N87 (P<0.001), AGS (P<0.01), 
HGC-27 (P<0.05) and BGC-823 (P<0.001) compared to 
human gastric mucosal epithelial cell line GES-1 (Figure 
1A), while no difference of EIF3B mRNA expression was 
found between MGC80-3 cell line compared to GES-1 
cell line (P>0.05). Besides, protein expressions of EIF3B in 
NCI-N87, AGS, HGC-27 and BGC-823 cell lines were 
increased compared to GES-1 cells (all P values <0.05), 
while no difference of EIF3B protein expression was 
observed between MGC80-3 cell line and GES-1 cell line 
(Figure 1B,C). Considering the numerically highest EIF3B 
mRNA expression observed in NCI-N87 cells, we chose 
NCI-N87 cells to perform EIF3B downregulation related 
experiments.

Effect of EIF3B downregulation on cell proliferation and 
cell apoptosis in NCI-N87 cells

After EIF3B siRNA was transfected into NCI-N87 cells, 
mRNA (P<0.001) (Figure 2A) and protein expressions 
(P<0.001) (Figure 2B,C) of EIF3B were reduced in Si-
EIF3B group compared to Si-NC group. Moreover, cell 
proliferation was decreased in Si-EIF3B group compared 
to Si-NC group at 48 h (P<0.05) and 72 h (P<0.01) (Figure 
2D), while cell apoptosis rate was raised in Si-EIF3B group 
compared to Si-NC group at 24 h (P<0.01) (Figure 2E), 
meanwhile, cell apoptotic marker C-Caspase 3 expression 
(P<0.01) was increased but anti-apoptosis marker Bcl-
2 expression (P<0.001) was reduced in Si-EIF3B group 
compared to Si-NC group at 24 h (Figure 2F,G,H), and flow 
cytometry analysis also showed the similar trends (Figure 2I).  
These data suggested that EIF3B downregulation repressed 
cell proliferation but enhanced cell apoptosis in NCI-N87 
cells.

Effect of EIF3B downregulation on expressions of 
TNFRSF21 and TRAF1 in NCI-N87 cells

According to the published articles about EIF3B in cancers, 
we found that EIF3B negatively regulated TNFRSF21 in 
some cancers other than GC (10). To further explore the 
molecule mechanism of EIF3B downregulation in GC 
cells, we subsequently detected expressions of TNFRSF21 
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as well as its downstream gene TRAF1 in NCI-N87 cells. 
And we found that TNFRSF21 mRNA expression (P<0.01) 
(Figure 3A) was higher in Si-EIF3B group compared to Si-
NC group, while TRAF1 (which was negatively regulated 
by TNFRSF21) mRNA expression was reduced in Si-
EIF3B group compared to Si-NC group (P<0.05) (Figure 
3B). Meanwhile, the TNFRSF21 protein expression was 
elevated (P<0.001) but TRAF1 protein expression (P<0.05) 
was decreased in Si-EIF3B group compared to Si-NC 
group (Figure 3C,D,E). These data indicated that EIF3B 
downregulation upregulated TNFRSF21 expression in 
NCI-N87 cells.

EIF3B affected GC cell functions through regulating 
TNFRSF21

In order to identify whether EIF3B affected cell functions 
of GC cell lines through regulating TNFRSF21, we 
performed rescue experiments in NCI-N87 cells: EIF3B 
siRNA alone, and EIF3B siRNA plus TNFRSF21 siRNA 
plasmids were transfected into NCI-N87 cells. As shown in 
Figure 4A, no difference of EIF3B mRNA expression was 
observed between Si-EIF3B & Si-TNFRSF21 group and 
Si-EIF3B group (P>0.05). Whereas, compared to Si-EIF3B 
group, TNFRSF21 mRNA expression was decreased in Si-
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EIF3B & Si-TNFRSF21 group (P<0.01) (Figure 4B) but 
TRAF1 mRNA expression was enhanced in Si-EIF3B & 
Si-TNFRSF21 group (P<0.05) (Figure 4C). Meanwhile, 
the data of protein expressions showed the similar trend: 
no difference of EIF3B protein expression was found 
(P>0.05), but TNFRSF21 protein expression was decreased 
(P<0.01) in Si-EIF3B & Si-TNFRSF21 group and TRAF1 
protein expression was enhanced (P<0.001) in Si-EIF3B 
& Si-TNFRSF21 group (Figure 4D,E,F,G). These results 
indicated that the transfection of aforementioned plasmids 
to NCI-N87 cells was successfully performed. In the 
subsequent assays, cell proliferation was enhanced in Si-
EIF3B & Si-TNFRSF21 group compared to Si-EIF3B 
group at 48 h (P<0.05) and 72 h (P<0.05) (Figure 5A),  
while cell apoptosis rate was decreased in Si-EIF3B & 
Si-TNFRSF21 group compared to Si-EIF3B group at  
24 h (P<0.05) (Figure 5B). In addition, protein expression of 
cell apoptotic marker C-Caspase 3 was reduced (P<0.001) 
but protein expression of anti-apoptosis marker Bcl-2 was 

increased (P<0.01) in Si-EIF3B & Si-TNFRSF21 group 
compared to Si-EIF3B group (Figure 5C,D,E). Additionally, 
flow cytometry analysis also showed the decreased cell 
apoptosis in Si-EIF3B & Si-TNFRSF21 group compared 
to Si-EIF3B group (Figure 5F). These data suggested that 
EIF3B downregulation might inhibit cell proliferation 
and promote cell apoptosis through negatively regulating 
TNFRSF21 in GC.

Discussion

In this study, we found that EIF3B was overexpressed in 
various human GC cell lines compared to human normal 
gastric epithelial cell line. Moreover, cell proliferation 
was decreased but cell apoptosis was promoted by 
EIF3B downregulation in NCI-N87 cells, and EIF3B 
downregulation might exert these functions through 
negatively regulating TNFRSF21.

EIFs, which are required in the synthesis of most 
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proteins, have been reported to play a critical role in 
tumor initiation as well as progression, especially the EIF3 
complex, which is the largest multi-subunit complex among 
EIFs (12,13). For example, EIF3D knockdown inhibits cell 
proliferation as well as colony formation in vitro through 
upregulating stress-activated protein kinase (SAPK)/
c-Jun N-terminal kinase (JNK) pathway in colon cancer  
cells (5). Besides, EIF3D knockdown also suppresses breast 

cancer cell proliferation and invasion through inhibiting 
the Wnt/β-catenin signaling pathway (14). For GC cells, 
EIF3H knockdown represses cell proliferation as well as 
colony formation in GC cell lines but induces cell apoptosis 
through upregulating pro-apoptotic factor [Bcl-2-associated 
X protein (BAX)] and downregulating anti-apoptotic factor 
[Bcl extra-large (Bcl-xL)] respectively, and causes cycle 
arrest at G0/G1 phase (4). These previous data reveal that 
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targeting EIFs may have therapeutic functions in these 
cancers.

EIF3B, a major scaffold protein of EIF3, has a 
particularly interesting characteristic that it presents a 
critical scaffolding function for the entire EIF3 complex 

(9,15). It is able to induce the formation of a 48S pre-
initiation complex that could recognize AUG start codon, 
and it is considered to play a crucial role in both cellular 
and viral translation initiation (6). Moreover, recent 
studies disclose the regulatory effect of EIF3B in cancer 
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cells (6,7,10). For example, the inhibition of EIF3B on 
cell apoptosis through blocking caspase-3/PARP pathway 
in osteosarcoma cells, the enhancement of EIF3B on cell 
proliferation via activating β-catenin signaling pathway 
in esophageal squamous cell carcinoma cells, and the 
induction of EIF3B knockdown on cell G0/G1 arrest in 
glioma cells (6-10). All these data suggest that EIF3B has 
pro-proliferation or anti-apoptotic effect in these cancers. 
Considering EIF3B acts as an oncogene in the mechanisms 
of these cancers, we hypothesized that it might also play 
an oncogenic role in the pathology of GC cells, whereas 
related evidence was limited. In this study, we detected 
EIF3B expression in GC cells as well as normal gastric 
epithelial cells, and we found that EIF3B was overexpressed 
in various GC cell lines compared to normal gastric 
epithelial cell line. Most importantly, we investigated 
the regulatory effect of EIF3B downregulation on cell 
proliferation and apoptosis in GC cell line (NCI-N87 
cells), and we found that EIF3B downregulation inhibited 
cell proliferation but enhanced cell apoptosis in NCI-N87 
cells. The possible reasons for our results might be as 
follows: (I) EIF3B might promote cell proliferation and cell 
invasion through regulating β-catenin signaling pathway or 
caspase-3/PARP pathway, thereby facilitated the initiation 
of GC, thus EIF3B expression was elevated in GC cell lines 
compared to normal cells (7,10); (II) downregulated EIF3B 
might fail to inhibiting DNA replication as well as inducing 
G0/G1 arrest, thus the cell apoptosis was promoted and 
cell proliferation was enhanced in GC cell lines (6). These 
data might shed a light on the treatment of GC due to the 
repression of EIF3B downregulation on cell proliferation 
and the promotion of EIF3B on cell apoptosis.

In order to further investigate the molecule mechanism 
of EIF3B knockdown in GC, we analyzed the downstream 
genes as well as pathways of EIF3B by KEGG (https://
www.kegg.jp/) and GeneCards (http://www.genecards.org/), 
and we found that EIF3B had a negative regulation on 
TNFRSF21. Moreover, based on previous studies that focus 
on EIF3B in cancers, we found EIF3B acts as an oncogene 
through negatively regulating TNFRSF21 in osteosarcoma 
cells (10). Since EIF3B downregulation repressed cell 
proliferation and promoted cell apoptosis in GC cells, and 
TNFRSF21 was negatively regulated by EIF3B according 
to previous data, we hypothesized that the EIF3B might 
affect GC cell functions through regulating TNFRSF21, 
while no current study disclosed the regulation of EIF3B 
on TNFRSF21 in GC cells. In this current study, we 
conducted rescue experiments to identify whether EIF3B 

affected GC cell functions through regulating TNFRSF21, 
and we observed that EIF3B downregulation suppressed 
cell proliferation but enhanced cell apoptosis via negatively 
regulating TNFRSF21 in NCI-N87 cells. As to the reason 
for these data, previous studies show reveal that TNFRSF21 
possesses a death domain and is known as Death Receptor 6, 
which overexpression induces apoptosis in various cell types 
through activation of caspase-3, and these mechanisms 
might explain our results (10,16-19). Our data might offer 
indications for further studies that investigate molecule 
mechanisms of EIF3B knockdown in GC cells and explore 
novel therapeutic target for GC.

Conclusions

In conclusion, EIF3B is overexpressed in GC cell lines, and 
its downregulation inhibits cell proliferation while promotes 
cell apoptosis through negatively regulating TNFRSF21 
in GC, which sheds new light on the further application of 
EIF3B as a potentially novel treatment target for GC.
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