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EIF3B is associated with poor outcomes in gastric
cancer patients and promotes cancer progression
via the PI3K/AKT/mTOR signaling pathway
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Purpose: Eukaryotic translation initiation factor (EIF) plays a vital role in protein synthesis.
EIF3B is a core subunit of the EIF3 family, and is overexpressed in many tumors. EIF3B is
associated with an unfavorable prognosis, as well as the genesis and development of tumors.

However, the potential role of EIF3B in gastric cancer (GC) remains unknown. In the current
study, we explored the clinical signi� cance and the possible mechanism of EIF3B in the
progression of GC.
Methods: EIF3B expression was analyzed in 78 GC tissue samples through quantitative

PCR and in 94 GC tissue samples through immunohistochemistry (IHC) staining. The
correlation between EIF3B and clinicopathological features was analyzed in GC tissues.
The role of EIF3B in GC progression was investigated through in vitro and in vivo assays.

Results: EIF3B expression was upregulated in GC tissues (73.4%, IHC). High expression of
EIF3B was signi� cantly correlated with the depth of tumor invasion, lymph node metastasis
and TNM stage (P=0.000, 0.000 and 0.000, respectively). Multivariate analysis indicated that

GC patients with high EIF3B expression suffered a poorer 5-year survival. EIF3B promoted
GC cell proliferation and was strongly associated with proliferating cell nuclear antigen
(PCNA) expression in GC samples (P=0.009). It also enhanced tumor cell migration and

invasion, which were affected through epithelial-mesenchymal transition (EMT) and the
Stat3 signaling pathway. Knockdown of EIF3B in GC cells suppressed the growth of
xenograft tumors and lung metastatic colonization in vivo. Furthermore, gene set enrichment
analysis (GSEA) and Western blot results demonstrated that EIF3B activated the PI3K/AKT/

mTOR signaling pathway.
Conclusion: Our results suggest that EIF3B plays an oncogenic role in GC progression and
serves as an independent prognostic factor for GC patients.

Keywords: EIF3B, gastric cancer, prognosis, PI3K/AKT/mTOR pathway

Introduction
Gastric cancer (GC) is the� fth most common malignancy and the third leading cause
of cancer-related death worldwide.1 Treatment of GC involves surgery, radiotherapy,
chemotherapy, immunotherapy and molecularly targeted therapy, of which the pre-
ferred treatment option is surgery.2,3 In spite of considerable advances in therapeutic
methods, GC prognosis has not been substantially improved, partly because of late
stage diagnosis and a lack of reliable biomarkers for early detection.4,5 Tumor
metastasis and recurrence are considered to be the most signi� cant determinants for
treatment failure and mortality.6 Therefore, exploring new prognostic molecular

Correspondence: Xiaojing Cheng
Key Laboratory of Carcinogenesis and
Translational Research (Ministry of
Education), Division of Gastrointestinal
Cancer Translational Research
Laboratory, Peking University Cancer
Hospital & Institute, Beijing 100142,
People’s Republic of China
Tel +86 108 819 6760
Email chengli@bjmu.edu.cn

Jiafu Ji
Key Laboratory of Carcinogenesis and
Translational Research (Ministry of
Education), Department of
Gastrointestinal Surgery, Peking
University Cancer Hospital & Institute,
Beijing 100142, People’s Republic of China
Tel +86 108 819 6048
Email jijiafu@hsc.pku.edu.cn

Cancer Management and Research Dove press
open access to scienti � c and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2019:11 7877–7891 7877
Dove Press © 2019 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

php and incorporate the Creative Commons Attribution– Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http: //doi.org/10.2147/CMAR.S207834

 
C

an
ce

r 
M

an
ag

em
en

t a
nd

 R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

18
.2

06
.1

2.
79

 o
n 

22
-J

an
-2

02
0

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress


biomarkers and therapeutic targets is necessary, as well as
clarifying underlying mechanisms.

Translation is an early step in protein synthesis, and
represents an important point at which to exert regulatory
control.7 There are various types of translation initiation
factors which participate in the initial process of translation,8

and among them eukaryotic translation initiation factor (EIF)
plays a pivotal role in forming the initiation complex that
participates in assembling the 80S-mRNA-Met-tRNA com-
plex to initiate protein synthesis.9,10 As a central member of
the EIF family, EIF3 is the largest and most complex factor
and is composed of 13 non-identical protein subunits (a–m),
which are involved in almost the entire process of translation
initiation regulation.8,11 The EIF3B subunit, also known as
EIF3p110, EIF3p116 and hPrt1,12 is widely regarded as a
critical scaffold protein in the EIF3 complex, which plays an
essential role in translation regulation and cell growth.13 A
previous study has con� rmed that ectopic expression of
EIF3B causes malignant transformation of immortal� bro-
blast cells (NIH3T3).14 Moreover, high expression of EIF3B
was observed in several types of cancer and is associated
with poor prognosis,12 such as clear cell renal cell
carcinoma,15 esophageal squamous cell carcinoma,16 and
bladder cancer.17 However, little is known about the rele-
vance of EIF3B in GC.

In the present study, we� rst assessed the clinical sig-
ni� cance of EIF3B in GC patients. In vitro results demon-
strated that EIF3B promoted GC cell proliferation,
migration and invasion. Further biological function analy-
sis indicates that EMT process and the PI3K/AKT/mTOR
axis was participated in this study. We also investigated
the effect of EIF3B in tumor growth and lung metastasis
using a xenograft mouse model. Our results suggest that
EIF3B plays a key role in GC progression and predicted
patient outcome.

Materials and methods
Clinical specimen collection
mRNA samples for quantitative PCR (qPCR) were iso-
lated from 78 GC tissue samples. Tissue microarray
(TMA) sets for IHC included 94 GC tissue samples. All
specimens collected from GC patients who underwent
radical gastrectomy between November 2005 and
December 2010 were obtained from the Biobank of
Peking University Cancer Hospital. A total of 15 pairs of
fresh GC and adjacent normal tissues frozen in liquid
nitrogen immediately after dissection were collected in

November 2017 from the Department of Gastrointestinal
Surgery of Peking University Cancer Hospital. None of
the patients received chemotherapy or radiation therapy
prior to surgery.

Clinicopathological and follow-up information was
obtained from patient data. GC stage was classi� ed based
on the 2017 TNM classi� cation recommended by the
American Joint Committee on Cancer (AJCC 8th edition).18

Overall survival was de� ned as the time elapsed from the
date of surgery to death or to the last follow-up, and
disease-free survival was de� ned as the time elapsed from
the date of surgery to the discovery of local relapse or
distant metastasis. The survival of patients was tracked
until December 2015. All patients involved in this study
have written informed consent, in compliance with
Declaration of Helsinki. The Ethics Committee of the
Peking University Beijing Cancer Hospital have approved
this clinical specimen study.

RNA extraction and qPCR analysis of
EIF3B expression
Total RNA was extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) and cDNA was synthesized using M-
MLV reverse transcriptase (Promega, Madison, WI, USA)
in accordance with the manufacturer’s instructions. The
expression level of EIF3B was determined using an ABI
7500 Fast instrument and a Power SYBR Green Master
Mix (ThermoFisher Scienti� c Inc, Waltham, MA). Each
sample was tested in triplicate, and the�� CT method was
used to analyze the fold change in EIF3B gene expression.
The EIF3B primer sequences were: forward primer 5�-
GAC CGC ACT TCC ATA TTC TGG-3�, reverse primer
5�-GCA CAT ACG TCT CTG TCC ATC T Š3�. The
internal standard GAPDH primer sequences were: forward
primer 5�-GAA GGT GAA GGT CGG AGT-3�, reverse
primer 5�-GAA GAT GGT GAT GGG ATT TCŠ3�.

Immunohistochemistry
Immunohistochemistry (IHC) for EIF3B was performed on
sections of TMAs using an anti-EIF3B antibody (1:100)
(ab133601, Abcam, UK). As a negative control, the sections
were processed using the same protocol except that they were
incubated in blocking solution without the primary antibody.
EIF3B expression was evaluated based on the area of positive
cytoplasmic staining. The intensity of the staining was categor-
ized from negative (-) to low (+), intermediate (++), and high
(+++). The expression of EIF3B was assessed independently
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by two experienced pathologists (B. D. and Z. L.), who were
blind to the patients’ clinical outcomes. There was a high level
of consistency between the two pathologists, and a consensus
was reached after joint review in the few discrepant cases
(<5%). Finally, the staining levels of EIF3B expression were
denoted as: - and +, low expression; ++ and +++, high
expression.

Cell lines
Human GC cells AGS, N87, and HEK293FT cell lines
were purchased from ATCC (Manassas, VA, USA). The
MKN28 cell line was obtained from the Health Science
Research Resources Bank (Tokyo, Japan). GES1,
BGC823, MGC803 and SGC7901 cell lines were obtained
from the Cell Research Institute (Shanghai, China). The
cells were cultured in RPMI-1640 medium (GIBCO,
Carlsbad, NY, USA), supplemented with 10% (v/v) fetal
bovine serum (GIBCO, NY, USA) at 37 °C in a humidi� ed
5% CO2 atmosphere.

Plasmid construct and transfection
Lentivirus was produced through the co-transfection of
HEK293FT cells with short hairpin RNA constructs target-
ing EIF3B (shControl, shEIF3B-1: 5�-GGA AGC AGA
UGG AAU CGA UTT-3�, shEIF3B-2: 5�-GCA CCU ACC
UGG CUA CCU UTT-3�; Shanghai Genephama Co., Ltd,
China) and a lentiviral packaging mix (Invitrogen,
Carlsbad, USA) in accordance with the manufacturer’s
instructions. Lentivirus-containing supernatant was har-
vested at 48 h post-transfection, centrifuged, and stored at
Š80 °C. For viral transductions, 1 ml of the scrambled
shControl or shEIF3B lentiviruses was incubated with
BGC823 and SGC7901 cells for 48 h at 37 °C in a humidi-
� ed cell culture incubator. Stable EIF3B knockdown GC
cells were selected using puromycin (1� g/ml) for 14 d, and
the EIF3B protein expression level was identi� ed through
Western blot.

Protein extraction and Western blotting
analysis
Total proteins were prepared from fresh-frozen tissues, and
proteins were isolated from GC cell lines when they
reached 80% con� uency. The cells were washed twice
using 1×phosphate buffer solution (1×PBS) before being
completely lysed in pre-chilled RIPA lysis buffer contain-
ing a protease inhibitor cocktail for 30 min. The samples
were then centrifuged at 15,000× g for 20 min.

Equal amounts of total protein extracts were separated
through 8%, 10% or 12% SDS polyacrylamide gel electro-
phoresis, based on the molecular weight of the target protein,
and transferred onto a 0.22� m nitrocellulose� lter mem-
brane. The membrane was blocked for 1 h at room tempera-
ture using blocking buffer containing 5% nonfat dry milk,
and then the membrane was incubated with primary antibo-
dies diluted in blocking buffer at 4 °C overnight. After three
washes in tris-buffered saline tween-20 (10 min each), the
membrane was incubated with an appropriate secondary
antibody, such as goat-anti-rabbit IgG (dilution 1:5000) or
horse-anti-mouse IgG (dilution 1:5000), washed and devel-
oped using an enhanced chemiluminescence detection sys-
tem (Amersham, GE Healthcare, Chicago, IL, USA).

The primary antibodies are as follows: E-cadherin (CST,
#3195), N-cadherin (CST, #4061), Bax (CST, #2774), P53
(CST, #9282), Snail (CST, #3879), Slug (CST, #9585),
Vimentin (CST, #5741), P-P53 (CST, #2521), Stat3 (CST,
#12640), P-Stat3 (CST, #52075), Bcl2 (CST, #15071), P-
Bcl2 (CST, #2827), PI3K (CST, #4249), Akt (CST, #4685),
P-Akt (CST, #4060), mTOR (CST, #2972), P-mTOR (CST,
#5536), GAPDH (CST, #5174) and EIF3B (Abcam,
#ab133601). These antibodies were diluted at 1:1000.

Cell proliferation assay
GC cells were seeded in a RTCA E-Plate 16 (RTCA,
xCELLigence Roche, Penzberg, Germany) at 2×103 cells
per well. The baseline was measured and 10% fetal bovine
serum was added to the lower chamber, in accordance with
the xCELLigene manufacturer’s instructions. Plates were
incubated for 30 min at room temperature before starting
the measurements. The cell index was measured in a time-
resolved manner (every 10 min during 96 h). Three inde-
pendent experiments were performed.

Wound healing assay
Targeted cells were seeded into a 6-well plate. When cells
grew to 80–90% con� uency, cell monolayers were scraped
using a sterile micropipette tip. The wounded monolayers
were washed using 1×PBS to remove cell debris. The
distance between the two edges of the wound was calcu-
lated at three different positions. A total of 36 h later, the
distance between the two edges were measured again. All
experiments were conducted three times in triplicate.

Boyden chamber invasion assay
For Boyden chamber-based invasion assays, 5×104 cells
were loaded into an insert, provided with serum-free
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medium, and allowed to pass through a polycarbonate
� lter, which had been precoated with 2 mg/ml of
Matrigel (Becton Dickinson, San Jose, CA). The lower
chambers were� lled with RPMI-1640 and 10% fetal
bovine serum. Cells on the upper surface of the� lters
were wiped off after 48 h. The membranes were� xed
using methanol for 15 min and stained using 0.5% crystal
violet for 10 min. The cells on the underside of the� lter
were counted in� ve randomly selected microscopic views.
All experiments were conducted three times in triplicate.

Colony formation assay
For the clonogenic assay, 5×102 cells were inoculated into
6-well plates and cultured for 14 d, with one medium
change during this period. The samples were� xed for
30 min using 4% paraformaldehyde and stained using
0.5% crystal violet for 10 min. Photos were taken using
a digital camera and colony counting was performed. All
experiments were conducted three times in triplicate.

Subcutaneous tumor growth and lung
colonization in vivo
SGC7901 cells (2×105 cells in 100� l per mouse) stably
transfected with shControl and shEIF3B-2 were injected
into the left and right subperitoneal space of 6-week-old
NOD/SCID mice (four mice in total), respectively. Tumor
growth was monitored three times a week by measuring
the length and width of the tumors using calipers.

To assess the effect of EIF3B on metastasis, SGC7901
cells stably transfected with shControl and shEIF3B-2
(1.5×106 cells in 100� l per mouse) were injected intrave-
nously via a 30-gauge needle inserted into the tail vein of
6-week-old female BALB/C-nude mice (eight mice in
total, four mice per group). The mice were sacri� ced
6 weeks later, and the lungs were removed and� xed
using picric acid. The presence of lung metastases was
evaluated at autopsy. All animal experiments involving in
this manuscript were approved by the Committee of
Laboratory Animal Ethics of Peking University of
Oncology and the permit number is EAEC 2018–22. We
also performed the standard guidelines of the Care and
Use of Laboratory Animals of Peking University Beijing
Cancer Hospital in all animal experiments.

Statistical analysis
All values were expressed as mean ± standard deviation.
Chi-square tests were used to compare the differences in

EIF3B protein expression. The overall survival and 5-year
survival curve were calculated using the Kaplan–Meier
method and analyzed using the Log-rank test. The relative
risk (RR) of death associated with EIF3B expression and
other predictor variables was estimated using the univari-
ate Cox proportional hazards model. Multivariate Cox
models were also constructed to estimate the RR for
EIF3B expression. The Mann–Whitney test or Student’s
T-test was used to compare cell function between two cell
groups. All statistical analyses were conducted using the
SPSS statistical package (version 20.0, SPSS Inc.,
Chicago, IL, USA). A two-tailedP-value less than 0.05
was considered to be statistically signi� cant.

Results
The upregulation of EIF3B mRNA levels
correlated with poor prognosis in GC
To investigate the role of EIF3B in GC, we� rst examined the
expression of EIF3B in the Gene Expression Omnibus
(GEO) database (GSE63089 and GSE13861), which indi-
cated thatEIF3B mRNA levels were signi� cantly higher in
GC tissues compared with matched adjacent normal mucosa,
respectively (P<0.0001 andP<0.0001) (Figure 1A). We
measured the expression levels of EIF3B protein and
mRNA in � ve pairs and ten pairs of primary GC tissues
and matched adjacent normal tissues, respectively.
Consistent with the mRNA results, higher expression of
EIF3B protein was detected in GC tissues compared with
matched adjacent normal mucosa (Figure 1B). Kaplan–
Meier survival analysis forEIF3B mRNA expression level
and clinical outcomes in GC, using an online tool (http://
kmplot.com/analysis), showed that the expression of EIF3B
was signi� cantly associated with poor overall survival in GC
patients (Figure 1C). Kaplan–Meier survival analysis for
EIF3B mRNA expression in 78 GC cases revealed the
same relationship for 5-year survival (Figure 1D).

As shown inTable S1, although there was no signi� -
cant correlation between EIF3B expression and age, gen-
der, depth of invasion, lymph node metastasis, distant
metastasis and TNM stage in GC patients, there was a
tendency towards a correlation with TNM stage
(P=0.072), which might be caused by the number of
samples. High EIF3B expression predicted a shorter 5-
year survival rate in GC patients, as assessed using the
univariate Cox model (5-year survival rate: 62.5±0.96 vs
5.6±0.049,P=0.000,Table S2). Multivariate Cox regres-
sion analysis indicated that EIF3B expression was an
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independent poor prognostic factor for GC patients
(RR =4.607 (2.208–9.611),P=0.000,Table S2).

Correlation of EIF3B protein expression
with clinicopathological parameters and
poor prognosis in GC patients
We analyzed the association between EIF3B protein
expression and clinicopathological characteristics in 94

GC cases using IHC (Figure 2A). The distribution of
staining intensity scores was as follows: 9 (9.6%) cases
stained (-), 16 (17.0%) cases stained (+), 46 (48.9%) cases
stained (++) and 23 (24.5%) cases stained (+++). High
EIF3B protein expression was signi� cantly associated with
lymph node metastasis, depth of tumor invasion and TNM
stage (P=0.000, 0.000 and 0.000, respectively) (Figure 2B
and Table 1). Kaplan–Meier survival analysis for EIF3B
protein expression indicated that patients with high EIF3B

Figure 1 EIF3Btranscription in GC patients and correlation with poor prognosis.
Notes: (A) EIF3BmRNA expression was signi� cantly upregulated in GC tissues compared with adjacent normal mucosa in GSE63089 and 13,861 from GEO datasheets. (B)
Western blotting analysis for EIF3B expression in� ve paired primary GC tissues.GAPDHwas used as an internal control (left panel). Ratio (T/N) ofEIF3BmRNA expression
in ten paired primary GC patients, which was determined through qPCR (right panel). The expression levels were normalized using an internal control (GAPDH). (C)
Kaplan–Meier survival analysis of overall survival obtained from public gene expression datasets. (D) Kaplan–Meier survival analysis of 5-year survival with low vs highEIF3B
mRNA expression status. ***P<0.0001.
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