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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 significance 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 significantly 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.
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Introduction
Gastric cancer (GC) is the fifth 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 significant determinants for

treatment failure and mortality.6 Therefore, exploring new prognostic molecular
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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 confirmed that ectopic expression of

EIF3B causes malignant transformation of immortal fibro-

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 first assessed the clinical sig-

nificance 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 classified based

on the 2017 TNM classification recommended by the

American Joint Committee on Cancer (AJCC 8th edition).18

Overall survival was defined as the time elapsed from the

date of surgery to death or to the last follow-up, and

disease-free survival was defined 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 cDNAwas 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 Scientific Inc, Waltham, MA). Each

sample was tested in triplicate, and the ΔΔCT method was

used to analyze the fold change in EIF3B gene expression.

The EIF3B primer sequences were: forward primer 5ʹ-
GAC CGC ACT TCC ATA TTC TGG-3ʹ, reverse primer

5ʹ-GCA CAT ACG TCT CTG TCC ATC T −3ʹ. The

internal standard GAPDH primer sequences were: forward

primer 5ʹ-GAA GGT GAA GGT CGG AGT-3ʹ, reverse

primer 5ʹ-GAA GAT GGT GAT GGG ATT TC −3ʹ.

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 stainingwas 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 humidified

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: 5ʹ-GGA AGC AGA

UGG AAU CGA UTT-3ʹ, shEIF3B-2: 5ʹ-GCA CCU ACC

UGG CUA CCU UTT-3ʹ; 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

−80 °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-

fied cell culture incubator. Stable EIF3B knockdown GC

cells were selected using puromycin (1 μg/ml) for 14 d, and

the EIF3B protein expression level was identified 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% confluency. 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 μm nitrocellulose filter 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% confluency, 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

filter, which had been precoated with 2 mg/ml of

Matrigel (Becton Dickinson, San Jose, CA). The lower

chambers were filled with RPMI-1640 and 10% fetal

bovine serum. Cells on the upper surface of the filters

were wiped off after 48 h. The membranes were fixed

using methanol for 15 min and stained using 0.5% crystal

violet for 10 min. The cells on the underside of the filter

were counted in five 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 fixed 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 μl 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 μl 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 sacrificed

6 weeks later, and the lungs were removed and fixed

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-tailed P-value less than 0.05

was considered to be statistically significant.

Results
The upregulation of EIF3B mRNA levels

correlated with poor prognosis in GC
To investigate the role of EIF3B in GC, we first examined the

expression of EIF3B in the Gene Expression Omnibus

(GEO) database (GSE63089 and GSE13861), which indi-

cated that EIF3B mRNA levels were significantly higher in

GC tissues compared with matched adjacent normal mucosa,

respectively (P<0.0001 and P<0.0001) (Figure 1A). We

measured the expression levels of EIF3B protein and

mRNA in five 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 for EIF3B mRNA expression level

and clinical outcomes in GC, using an online tool (http://

kmplot.com/analysis), showed that the expression of EIF3B

was significantly 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 in Table S1, although there was no signifi-

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 significantly 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 EIF3B transcription in GC patients and correlation with poor prognosis.

Notes: (A) EIF3B mRNA expression was significantly 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 five paired primary GC tissues. GAPDH was used as an internal control (left panel). Ratio (T/N) of EIF3B mRNA 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 high EIF3B
mRNA expression status. ***P<0.0001.
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expression demonstrated significantly shorter 5-year survi-

val and disease-free survival than those with low expres-

sion (P=0.0042 and 0.0017, respectively, by Log-rank test)

(Figure 2C and D). The median overall survival time was

81.6±0.096 months for EIF3B low patients and 39.6

±0.066 months for EIF3B high patients, respectively.

High EIF3B protein expression predicted a shorter 5-year

survival in GC patients, as assessed using the univariate

Figure 2 EIF3B protein expression in GC patients and correlation with poor prognosis.

Notes: (A) Different staining scores denoting EIF3B protein expression in GC tissues, as assessed using IHC. (B) IHC staining indicated that high EIF3B protein expression

was significantly associated with lymph node metastasis (upper), depth of tumor invasion (middle) and TNM stage (lower). (C) Kaplan–Meier survival analysis of 5-year

survival with low vs high EIF3B protein expression status. (D) Kaplan–Meier survival analysis of disease-free survival with low vs high EIF3B protein expression status.
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Cox model (RR =4.810 (1.464–15.805), P=0.010, Table

2). Multivariate Cox regression analysis indicated that

EIF3B expression was an independent poor prognostic

factor for GC patients (RR =4.752 (1.352–16.706),

P=0.015, Table 2).

EIF3B promotes cell growth in vitro and

in vivo
We measured the expression levels of EIF3B protein and

mRNA in one gastric mucosa epithelial cell line (GES1),

and six GC cell lines (N87, SGC7901, MKN28, AGS,

BGC823 and MGC803), respectively. We found that EIF3B

was highly expressed in five GC cell lines (N87, SGC7901,

MKN28, BGC823 and MGC803), but low expressed in the

AGS and GES1 cell lines (Figure 3A). To investigate the

function of EIF3B in GC, SGC7901 and BGC823 cells were

stably transfected with shControl, shEIF3B-1 and shEIF3B-

2. Ectopic expression of EIF3B was confirmed through

Western blot (Figure 3B). Down-regulation of EIF3B signif-

icantly inhibited cell proliferation and clonogenicity in

SGC7901 and BGC823 cells (Figure 3C and D).

Furthermore, high EIF3B protein expression was signifi-

cantly associated with proliferating cell nuclear antigen

(PCNA) expression (P=0.009, Table 1). We also found that

EIF3B mRNA expression was significantly correlated with

PCNA mRNA expression, as analyzed through gene expres-

sion profiling interactive analysis (GPEIA) (http://gepia.can

cer-pku.cn/) (R =0.43, P=0.000) (Figure 3E).

To assess the tumorigenic ability of EIF3B, SGC7901

cells stably transfected with shControl and shEIF3B-2

were subcutaneously injected into the left and right sub-

peritoneal space of NOD/SCID mice, respectively.

Knockdown of EIF3B in SGC7901 cells markedly reduced

the tumor size and weight of xenografts (Figure 3F). These

in vitro and in vivo results support the tumor progression

role of EIF3B in GC.

EIF3B promotes GC cell migration and

invasion through epithelial-mesenchymal

transition (EMT)
EIF3B knockdown in SGC7901 and BGC823 cells

significantly prevented cell migration and invasion, as

assessed through a wound healing assay and Matrigel

invasion assay (both P<0.05; Figure 4A and B),

respectively. Furthermore, EIF3B knockdown produced

morphological changes in both SGC7901 and BGC823

cells, whereby the cells changed from a spindle shape

Table 1 Relationship between EIF3B expression and clinico-

pathological features in GC patients using IHC analysis

Parameter EIF3B expression χ2 Pa

Low

n (%)

High

n (%)

Gender 0.759 0.384

Male 20(29.0) 49(71.0)

Female 5(20.0) 20(80.0)

Age (y) 0.128 0.721

≤60 13(28.3) 33(71.7)

>60 12(25.0) 36(75.0)

Tumor location 0.490 0.484
1/3 Upper +

1/3 Middle 11(23.4) 36(76.6)
1/3 Lower 14(29.8) 33(70.2)

Tumor size (cm) 1.869 0.172

≤5 17(32.1) 36(67.9)

>5 8(19.5) 33(80.5)

Histologic type 0.033 0.856

Adenocarcinoma 20(27.0) 54(73.0)

Non-adenocarcinoma 5(25.0) 15(75.0)

Differentiation degree 0.469 0.494

Well + middle 11(30.6) 25(69.4)

Poor 14(24.1) 44(75.9)

Lauren 0.257 0.613

Intestinal 17(28.3) 43(71.7)

Diffuse + mixed 8(23.5) 26(76.5)

Depth of invasion 13.789 0.000

T1–2 9(75.0) 3(25.0)

T3–4 16(19.5) 66(80.5)

Vascular invasion 2.124 0.145

Absent 14(34.1) 27(65.9)

Present 11(20.8) 42(79.2)

Lymph node metastasis 21.281 0.000b

N0 15(62.5) 9(37.5)

N1 10(14.3) 60(85.7)

Distant metastasis 0.103 0.748

M0 24(27.6) 63(72.4)

M1 1(14.3) 6(85.7)

TNM stage 21.040 0.000b,c

Ⅰ 9(90.0) 1(10.0)

Ⅱ 5(23.8) 16(76.2)

Ⅲ 10(17.9) 46(82.1)

Ⅳ 1(14.3) 6(85.7)

PCNA expression 6.797 0.009

Low 17(39.5) 26(60.5)

High 8(15.7) 43(84.3)

Notes: aChi-square test, bP<0.0001, cKruskal–Wallis Test. Statistically significant

(P<0.05) shown in bold.
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to a plump shape, and protrusions were reduced or

absent (Figure 4C). Knockdown of EIF3B in GC cells

reduced the expression of mesenchymal related mar-

kers (N-cadherin, Snail, Slug, and Vimentin), promoted

the expression of an epithelial marker (E-cadherin) and

inactivated Stat3 signaling, as assessed through

Western blot (Figure 4D).

Next, we evaluated the effect of EIF3B on tumor

metastatic colonization in nude mice. SGC7901 cells

stably transfected with shControl and shEIF3B-2 were

injected into nude mice via the tail vein. After 6 weeks,

the metastatic potential of the cells was assessed by

counting colonized tumor nodules in the lungs of the

mice. The EIF3B knockdown cell injected group had

fewer lung tumor nodules compared with the control

group (P<0.05, Figure 4E).

Upregulation of EIF3B enhanced the activity

of PI3K/AKT/mTOR pathway signaling
Analyses of the EIF3B regulated gene signature via gene set

enrichment analysis (GSEA) indicated that high expression

of EIF3B was correlated with mTORC1 signaling pathway

gene signatures (TCGA datasets and GSE21983; Figure 5A).

These results suggest that EIF3B contributes to the activation

of mTOR related pathway signaling. To validate these

results, we confirmed through Western blot that PI3K, phos-

pho-AKTand phosphor-mTOR are reduced in EIF3B knock-

down cells (Figure 5B).

Discussion
GC progression involves multiple steps and is mediated by a

series of genes, and translational control plays an important

Table 2 Univariate and multivariate Cox proportional-hazards regression analysis for 5-year survival of GC patients using IHC analysis

Parameter Univariate P Multivariate P

5-year survival rate (%)

(Mean ± SE)

RR 95% CI

Gender 0.955 - -

Male 49.8±0.069

Female 50.5±0.110

Age (y) 0.344 - -

≤60 55.6±0.080

>60 43.2±0.087

Tumor size (cm) 0.012 1.942(0.996–3.789) 0.052

≤5 60.8±0.080

>5 37.6±0.080

Lauren 0.042 1.799(0.911–3.555) 0.091

Intestinal 57.8±0.073

Diffuse + mixed 36.4±0.094

Depth of invasion 0.035 1.195(0.13–11.001) 0.875

T1–2 85.7±0.132

T3–4 45.9±0.061

Lymph node metastasis 0.003 1.169(0.265–5.153) 0.837

N0 77.1±0.102

N1 41.2±0.066

PCNA expression 0.019 1.809(0.888–3.686) 0.102

Low 64.9±0.081

High 37.7±0.078

EIF3B expression 0.010 4.752(1.352–16.706) 0.015

Low 81.6±0.096

High 39.6±0.066

Note: Statistically significant (P<0.05) shown in bold.

Abbreviations: RR, relative risk; CI, confidence interval; GC, gastic cancer.
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Figure 3 EIF3B promoted GC cell growth in vitro and in vivo.

Notes: (A) qPCR andWestern blotting analysis revealed the EIF3Bexpression in one gastricmucosa epithelial cell line (GES1) and sixGCcell lines. (B) EIF3Bknockdownwas evaluated
through Western blot in GC cell lines. (C) EIF3B knockdown GC cells showed significantly low proliferative ability, as evaluated using an RTCA real-time analysis instrument. (D)
Knockdownof EIF3B significantly inhibited cell colony formation. (E) IHC staining indicated that high EIF3B protein expressionwas significantly associatedwith PCNAexpression (upper

panel), and GPEIA online tools revealed that EIF3B mRNA expression was correlated with PCNA mRNA expression (lower panel). (F) EIF3B knockdown inhibited subcutaneous

tumorigenicity, as indicated by tumor size and weight. ***P<0.0001.
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Figure 4 EIF3B promotes GC cell migration, invasion and metastasis in vitro and in vivo.

Notes: (A) Knockdown of EIF3B inhibited cell migration, as assessed using a wound healing assay. Scale bar: 100 μm. (B) Knockdown of EIF3B reduced cell invasion, as

assessed using a Matrigel invasion Boyden chamber assay. Scale bar: 50 μm. (C) Morphological changes were detected in EIF3B knockdown cells. Scale bar: 50 μm. (D) The
correlation between EMT related markers and EIF3B was detected through Western blot. (E) The effect of EIF3B on lung metastatic colonization. *P<0.05.
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role.19 Several previous reports have indicated that elevated

expression of EIF3B is highly correlated with oncogenesis in

multiple tumors,20–22 but the role of EIF3B in GC was

unclear and the molecular mechanisms had not been eluci-

dated completely. In the current study, we first demonstrated

that upregulation of EIF3B was significantly associated with

an aggressive GC phenotype (lymph node metastasis, depth

of tumor invasion and TNM stage) and with poor prognosis

in GC patients. In addition, EIF3B significantly promoted

GC cell growth, migration and invasion, and these results

suggest that EIF3B is an oncogenic and prognostic biomarker

for GC.

In general, EIF3B together with EIF3A could function

as a nucleation core of the EIF3 complex, which is a key

prerequisite in translation initiation, and downregulation of

EIF3B led to a broad-spectrum low expression of all EIF3

subunits to 40–70% of the levels observed in control cells.23

The current study revealed that EIF3B possesses a strong

tumor progression function in GC by promoting cell pro-

liferation, migration and invasion in vitro. The growth-

promotion effect of EIF3B was also demonstrated by its

correlation with PCNA expression and xenograft tumor

growth. A previous study suggested that overexpression of

EIF3B could lead to malignant transformation of immortal

fibroblasts, and its overexpression induced an oncogenic

phenotype with an increased growth rate and protein syn-

thetic rate, attenuated apoptosis and anchorage-independent

growth.14

Knockdown of EIF3B using shRNA in GC cells sig-

nificantly reduced their lung metastatic colonization in

vivo. These results further confirmed the role of EIF3B

in GC progression, and led us to explore the underlying

biological mechanism of EIF3B in GC. Previous studies

showed that downregulation of EIF3B can inhibit EMT to

suppress cancer cell migration and invasion.15,17 The cur-

rent study also indicated that knockdown of EIF3B led to

alterations in cell morphology and the expression of EMT-

associated proteins. Previous studies have reported that

Stat3 plays a role in stimulating and controlling the transi-

tion of cells between epithelial and mesenchymal

phenotypes,24 where it acts as a transcriptional activator

of EMT-related genes in epithelial cancers.25 In the current

study, we found that the phosphorylation of Stat3 was

significantly decreased after EIF3B depletion, and the

level of Snail and Slug, two targets of Stat3, were also

downregulated accordingly. Together, our data suggest that

Figure 5 EIF3B activates the PI3K/AKT/mTOR signaling pathway.

Notes: (A) GSEA analyses indicated that high expression of EIF3B was significantly correlated with the mTORC1 pathway in TCGA and GSE21983 datasets. (B) Western

blot results of PI3K, AKT, p-AKT, mTOR and p-mTOR expression in EIF3B stable knockdown cells. GAPDH was used as an internal control.
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EIF3B depletion could block the Stat3 pathway and inhibit

EMT in GC.

The molecular mechanisms of EIF3B were predicted

through an analysis of EIF3B regulated gene signatures via

GSEA with TCGA and GEO21983 datasets. mTOR-

related signaling may be closely related with EIF3B

expression. We validated this pathway in vitro and con-

firmed an enhancement in PI3K, phospho-AKT and phos-

pho-mTOR protein expression. mTOR is a serine/

threonine protein kinase in the PI3K-related kinase family,

that forms the catalytic subunit of two distinct protein

complexes, known as mTOR complex 1 (mTORC1) and

2 (mTORC2).26 While mTORC1 regulates cell growth and

metabolism, mTORC2 controls proliferation and

survival.27 Previous studies have demonstrated that EIF3

upregulation combined with aberrant activation of the

mTOR1 signaling pathway is common in cancer,28,29 and

is essential for cancer development and metastasis.30 In the

current study, we explored a regulatory mechanism of the

PI3K/AKT/mTOR signaling axis mediated by EIF3B dur-

ing GC progression. However, the function of AKT/

mTOR during EIF3B upregulation requires further in

vitro investigation using corresponding inhibitors.

Interrupting the expression of translation initiation-related

factors is a potential treatment strategy. As with EIF4 and

its subunits,31 EIF3B may be a potential target for early

therapeutic intervention to decrease the progression of GC.

Conclusion
In summary, the current results demonstrate that EIF3B is

significantly upregulated in GC tissues and correlated with

poor clinical outcomes. EIF3B demonstrated an oncogenic

role in GC by promoting cell proliferation, migration and

invasion in vitro, and stimulating xenograft tumor growth

and lung metastasis in vivo. Moreover, EIF3B could reg-

ulate EMT process and the activity of the PI3K/AKT/

mTOR signaling pathway in GC. These results suggest

that EIF3B might be an early therapeutic target to inhibit

the progression of GC and an independent prognostic

biomarker for GC patients.
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Supplementary materials

Table S1 Relationship between RNA expression of EIF3B and clinicopathological features in GC patients using qPCR analysis

Parameter EIF3B expression χ2 Pa

Low

n (%)

High

n (%)

Gender 0.406 0.524

Male 18(48.6) 19(51.4)

Female 17(41.5) 24(58.5)

Age (y) 0.333 0.564

≤60 14(41.2) 20(58.8)

>60 21(47.7) 23(52.3)

Depth of invasion 0.000 0.093

T1–2 5(50.0) 5(50.0)

T3–4 30(44.1) 38(55.9)

Lymph node metastasis 2.600 0.107

N0 9(64.3) 5(35.7)

N1 26(40.6) 38(59.4)

Distant metastasis 0.452 0.501

M0 32(47.1) 36(52.9)

M1 3(30.0) 7(70.0)

TNM stage 3.235 0.072

Ⅰ–Ⅱ 21(55.3) 17(44.7)

Ⅲ–Ⅳ 14(35.0) 26(65.0)

Note: aChi-square test.
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Table S2 Univariate and multivariate Cox proportional-hazards regression analysis for 5-year survival of GC patients using qPCR

analysis

Parameter Univariate P Multivariate P

5-year survival rate (%)

(Mean ± SE)

RR 95% CI

Gender 0.964

Male 32.1±0.087 - -

Female 33.7±0.090

Age 0.912 - -

≤60 35.3±0.099

>60 31.3±0.081

Depth of invasion 0.018 1.641(0.563–1.311) 0.271

T1–2 51.4±0.187

T3–4 30.0±0.066

Lymph node metastasis 0.023 1.405(0.537–3.678) 0.488

N0 65.3±0.144

N1 26.0±0.067

Distant metastasis 0.000a 3.442(1.435–8.255) 0.006

M0 37.1±0.069

M1 10.0±0.095

EIF3B expression 0.000a 4.607(2.208–9.611) 0.000a

Low 62.5±0.96

High 5.6±0.049

Notes: aP<0.0001. Statistically significant (P<0.05)shown in bold.

Abbreviations: RR, relative risk; CI, confidence interval.
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