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EIF3B silencing inhibits cell proliferation via regulating
EGFR/ERK pathway in lung adenocarcinoma
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Abstract: Objective: We aimed to investigate the biological role of eukaryotic translation initiation factor 3B (EIF3B)
and its mechanism in lung adenocarcinoma (LAD) occurrence. Methods: EIF3B was firstly determined in LAD tissues
and cell lines using Western blot and quantitative real-time PCR. EIF3B was then knocked down using RNA interfer-
ence technology in LAD cell lines, A549 and 95D. Furthermore, function analysis, including CCK-8, colony forma-
tion, cell cycle and apoptosis assay were conducted on A549 and 95D cells. Results: EIF3B protein was strongly
upregulated in LAD samples compared to normal tissues. The same results were observed in lung cancer cell
lines. Knockdown of EIF3B significantly inhibited the proliferation of LAD, induced cell cycle arrest and apoptosis.
Furthermore, the proliferation inhibitory effect was associated with downregulation of p-EGFR and p-ERK induced
by EIF3B silencing. Conclusion: These data suggest that EIF3B contributes to the proliferation of LAD cells might

through regulating EGFR/ERK pathway.
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Introduction

Lung cancer is commonly diagnosed as one of
the leading causes of cancer-related mortality
worldwide [1]. As the most type of lung cancer,
non-small cell lung cancer (NSCLC) mainly con-
sists of squamous cell carcinoma, large-cell
carcinoma and lung adenocarcinoma (LAD) [2],
among which LAD accounts for approximately
40% of NSCLC cases [3]. Despite some diag-
nostic methods of lung cancer, like pathology,
imageology and biochemical techniques can
improve the clinical outcome [4], the overall
B5-year survival rate of lung cancer patients
remains less than 5% [5]. Recently, molecular
biological techniques have been widely applied
for early diagnosis of lung cancer, which is help-
ful for us to improve understanding of the
pathogenesis of lung cancer. Even though
numerous biomarkers, such as carcinoembry-
onic antigen (CEA) and squamous cell carcino-
ma antigen (SCC-Ag) have been identified to
diagnose lung cancer, critical molecular targets
and pathways responsible for lung cancer prog-
ress still require further exploration.

As our best knowledge, regulation of eukaryotic
protein synthesis at translation initiation level
plays a crucial role in normally controlling cell
proliferation. It has been reported that eukary-
otic translation initiation factors (EIFs) could
promote protein synthesis by assembling ribo-
somes onto mRNA [6]. As the largest factor
EIFs, EIF3 consists of 13 subunits (EIF3A-
EIF3M) and is essential for cellular initiation of
translation and eukaryotic protein synthesis (7,
8]. Accumulated evidences have demonstrated
that EIF3 expressed in malignancies is involved
in cancer development and progression. For
example, EIF3D has been frequently reported
to be associated with tumor development,
including prostate cancer [9], melanoma [10],
colon cancer [11], glioma [12], as well as NSCLC
[13]. In addition, increased EIF3A could pro-
mote cell proliferation of ovarian cancer cells
[14]. Downregulation of EIF3E suppressed cell
growth in colon cancer [15]. Furthermore, EIF3B
is considered as the major scaffolding subunit
of EIF3 complex containing 13 putative sub-
units in human [16], which is shown to interact
with EIF3A, G, | and J with 814-amino acid pro-
teins [17, 18]. Notably, it has emerged that
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EIF3B is overexpressed in human bladder and
prostate cancer and higher expression has
poor prognosis in cancer progression [19].
What's more, knockdown of EIF3B has inhibi-
tory effects on glioma cell proliferation [20].
These previous studies have suggested the
oncogenic role of EIF3B in various types of
human cancer, but the relevant biological func-
tion of EIF3B in LAD remains to be elucidated.

The present study aimed to investigate the
effects of EIF3B on LAD using loss-of-function
assay. The expression of EIF3B was firstly
determined in LAD tissues and cell lines, and a
series of functional experiments, including pro-
liferation, cell cycle and apoptosis were con-
ducted on LAD cells. In addition, the possible
molecular mechanism underlying the EIF3B
silencing was further investigated.

Materials and methods
Human tissue samples

Total 12 pairs of fresh LAD tissues (T) and non-
tumor tissue (N) samples were collected from
patients after undergo surgery at the Shaoxing
People’s Hospital of Zhejiang University. All the
samples were immediately frozen in liquid nitro-
gen and stored at -80°C for RNA and protein
extraction. This study was approved by the
Ethics Committee of the Shaoxing People’s
Hospital of Zhejiang University. Written infor-
med consent was obtained from all patients
prior to surgery.

Cell lines and culture

Human LAD cell lines, A549, 59D and H1299,
as well as normal lung epithelial cell lines HBE,
were purchased from Shanghai Institute of bio-
logical science cell bank. Cell cultures were
maintained with RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS) in a
humidified atmosphere containing 5% CO, at
37°C.

DNA extraction and real-time RT-PCR

Total RNA from paired tissues samples or cul-
tured cell lines were extracted with TRIzol
(Invitrogen) and reversely transcribed to cDNA
according to the manufacturer’'s protocol.
EIF3B gene expression was quantified using 20
pul PCR reaction mixture on BioRad Connet
Real-Time PCR platform. Primers for EIF3B and
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GAPDH were designed as follows: EIF3B-for-
ward: 5-CGGTGCCTTAGCGTTTGTG-3’; EIF3B-
reverse: 5’-CGGTCCTTGTTGTTCTTCTGC-3’; GAP-
DH-forward: 5-TGACTTCAACAGCGACACCCA-3’;
GAPDH-reverse: 5-CACCCTGTTGCTGTAGCCA-
AA-3’. GAPDH was used as an internal control.
The PCR extraction procedure were subjected
to initially denatured at 95°C for 1 min, followed
by 40 cycles of denaturation at 95°C for 5 sec,
and last extension at 60°C for 20 sec. All sam-
ples were determined in triplicate. The EIF3B
expression was evaluated by normalization
against GAPDH using the comparative the 225t
method.

Western blot analysis

Total protein from paired LAD tissues samples
or cultured cell lines were extracted with 2 mL
ice-cold RIPA butter (Beyotime, Shanghai,
China). The concentration of proteins from each
sample was determined using BCA Protein
Assay Kit (Beyotime, China). Approximately 30
pug were separated on 10% SDS-PAGE and
transferred onto PVDF membranes (Millipore,
Billerica, MA, USA). After blocking by 1% bovine
serum albumin in TBST for 1 h at room temper-
ature, the membranes were incubated with pri-
mary antibodies, including anti-phospho-EGFR,
anti-phospho-ERK and GAPDH (Cell Signaling
Technology, USA) overnight at 4°C. Then the
membranes were washed by TBST and incu-
bated with appropriate secondary antibody
(Cell Signaling Technology, USA) for 2 h at room
temperature. The signals of proteins were
detected with enhanced chemiluminescence
kit (Pierce Biotechnology, USA).

Cell transfection of LAD cells

Two small interfering RNAs (siRNAs) targeting
human EIF3B gene (siEIF3B-1: 5-CCGGGGGA-
GAGAAATTCAAGCAAATTTCAAGAGAATTTGC-
TTGAATTTCTCTCCCTTTTTG-3’ and siEIF3B-2:
5-AATTCAAAAAGGGAGAGAAATTCAAGCAAAT-
TCTCTTGAAATTTGCTTGAATTTCTCTCCC-3’), as
well as a scrambled vector were synthetically
purchased from OriGene Technologies, Inc.
(Rockville, MD). For transfection, two target cell
lines, A549 and 95D, were seeded in six-well
plates and then transfected with siRNAs using
the Lipofectamine 2000 reagent according to
the manufacturer’s instructions (Invitrogen,
Carlsbad, CA, USA). After transfection for 72
hours, cells were processed for subsequent
experiments following determination of knock-
down efficacy.
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Figure 1. EIF3B is highly expressed in lung adenocarcinoma tissues and cell
lines. Western blot (A) analysis were used to determine the protein levels of
elF3B in 12 pairs of lung adenocarcinoma tissues and non-tumor tissues.
N, paracarcinoma (normal) lung tissues; T, lung cancer tissues. (B) Quantita-
tive analysis of elF3B protein in 12 paired lung cancer tissues. (C) gRT-PCR
analysis of EIF3B mRNA level in three lung cancer cell lines (A549, 95D and
H1299), and a normal lung epithelial cell line HBE. GAPDH was used as
internal control. *P < 0.05; **P < 0.01; ***P < 0.001, as compared with

95D cells were reseeded into
six-well plates at a density of
400 cells per well cultured
until the colonies were visible.
After cultured for 2 weeks,
colonies were fixed in 4%
paraformaldehyde for 30 min
and stained with 0.05% crys-
tal violet for 20 min. All visible
colonies in each well was cou-
nted under a light microscope
and photographed. Each colo-
ny consisted of more than 50
cells.

Cell cycle analysis

Flow cytometer combined with
propidium iodide (Pl) staining
was used to determine the
cell cycle progression follow-
ing EIF3B knockdown in A549
and 95D cells. Briefly, cells
were reseeded on 6-cm dish-
es at a density of 2 x 10° cells
per dish and fixed in 70% cold
ethanol overnight at 4°C, fol-
lowed by incubation with 300
pul PBS containing Pl for 30
min at 37°C in dark. The DNA
content was analyzed using
flow cytometry (Cell Lab Quan-
ta, Beckman Coulter).

normal tissues or cell line.

CCK-8 assay

A549 and 95D cells were seed onto a 96-well
plate at a density of 2,000 cells after transfec-
tion with targeted siRNA or scrambled vector,
and cultured for 72 hours. Cell Count Kit-8
(CCK-8, Beyotime) assay was used to evaluate
cell viability in A549 and 95D cells after EIF3B
knockdown at days 1, 2, 3, 4 and 5, respec-
tively. Briefly, 10% CCK-8 solution (v/v) was
added into each well at each time point and
incubation was continued for another 1 h. The
OD value in each well was measured with an
ELISA reader (Bio-Rad, USA) at a wavelength of
450 nm.

Colony formation assay

To evaluate the effect of EIF3B on monolayer
colony formation, stably transfected A549 and
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Apoptosis analysis

Annexin V-APC/PI double staining Kit (KeyGEN,
Nanjing, China) was used to detect the cell
apoptosis as described by the manufacturer’s
instruction. In brief, A549 and 95D cells were
reseeded on 6-cm dishes at a density of 2 x
10° cells. Then cells were harvested in com-
plete RPMI-1640 medium and centrifuged at
1000 rpm for 5 min. Each of the cells were
washed with 1 x PBS and subjected to Annexin
V-APC/7-Pl double staining. Data acquisition
and analysis were performed by flow cytometer
(Cell Lab Quanta, Beckman Coulter).

Statistical analysis
Data are statistically analyzed using SPSS 13.0
software and presented as mean + standard

deviations (SD) from at least three independent
experiments. Graphical representations were

Int J Clin Exp Pathol 2016;9(11):11179-11187
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Figure 2. Knockdown of EIF3B expression in lung adenocarcinoma cell lines.
(A) RT-PCR and (B) Western blot analysis were used to validate the knock-
down efficiency of siEIF3B-1 and siEIF3B-2 in A549 and 95D cells. GAPDH
was used as internal control. ***P < 0.001, as compared with empty vector

groups.

performed with GraphPad Prism 5 (San Diego,
CA) software. Student’s t-test was used to eval-
uate the differences between two groups. A
P-value of less than 0.05 was considered sta-
tistically significant.

Result

EIF3B is up-regulated in LAD tissues and cell
lines

To investigate the expression level of EIF3B in
LAD, paired tissues of 5 patients were collect-
ed for Western blot analysis. As shown in Figure
1A, clearly increased levels of EIF3B expres-
sion were detected among 11 of 12 LAD tis-
sues with paired normal tissues (Figure 1A and
1B). Subsequently, several LAD cells lines were
selected to analyze the expression of EIF3B
using RT-PCR analysis. As depicted in Figure
1C, compared with the normal lung epithelial
cell lines HBE, the mRNA level of EIF3B was
commonly elevated in A549, 95D and H1299
cells. To conduct a series of biological function
assays, A549 and 95D cell with relative higher
EIF3B expression were chosen for loss-of-func-
tion study.

Knockdown of EIF3B expression by siRNA in
LAD cells

To explore the role of EIF3B in LAD develop-
ment, two EIF3B-siRNAs (siEIF3B-1 and siEl-
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SiEIF3B-1 siEIF3B-2
Vector siEIF3B-1 siEIF3B-2

95D F3B-2) and non-silencing sc-

rambled vector were produ-
ced and infected A549 and
95D cells. After transfection,
the EIF3B mRNA and protein
levels were determined by RT-
PCR and Western blot analy-
sis, respectively. As shown in
Figure 2A, the EIF3B mRNA
level was significantly decre-
ased after two siEIF3B infec-
tion compared with the empty
vector infection in A549 and
95D cells. Consistent with
this result, both siEIF3B-1

95D and siEIF3B-2 could obviously

down regulated the EIF3B
protein level in A549 and 95D
cells (Figure 2B). Therefore,
we successfully constructed
EIF3B-silencing LAD cell mo-
dels.

Cell proliferation was significantly suppressed
following siEIF3B transfection in LAD cells

To elucidate the possible role of EIF3B in LAD,
cell viability was firstly examined in A549 and
95D cells after EIF3B knockdown using CCK-8
assay. As shown in Figure 3A, the growth
curves of EIF3B knockdown cells were obvious-
ly lower than that of control groups after con-
tinuously culture for 5 days in A549 and 95D
cells. Statistical analysis further indicated inhi-
bition of EIF3B significantly reduced the growth
rate of the A549 and 95D cells following siRNA
transfection compared with the control groups
(P < 0.001). Furthermore, the effect of EIF3B on
colony formation ability was evaluated in cells.
As shown in Figure 3B, both siEIF3B-1 and siEl-
F3B-2 remarkably reduced the size of single
colony and the number of colonies formed in
A549 and 95D cells (P < 0.001). These results
strongly suggest that EIF3B acts as a potential
tumor gene in LAD. In addition, siEIF3B-1 had
more obvious inhibitory effects than siEIF3B-2,
which was thus selected for the following
assays.

EIF3B knockdown induced cell cycle arrest at
G2/M phase in LAD cells

As widely accepted, cell cycle regulation plays
an important role in controlling cell prolifera-
tion, especially in cancer occurrence. Therefore,
we further investigated the effect of EIF3B on
cell cycle distribution in A549 and 95D cells

Int J Clin Exp Pathol 2016;9(11):11179-11187
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Figure 3. Knockdown of EIF3B impaired cell viability and colony formation ability. A. CCK-8 assay was used to
measure cell viability in A549 and 95D cells after transfected with siEIF3B-1, siEIF3B-2 or empty vector. B. Colony
formation assay was used to evaluate the proliferative ability in A549 and 95D cells after transfected with siEIF3B-1,
siEIF3B-2 or empty vector. ***P < 0.001, as compared with empty vector groups.

using flow cytometry and PI staining. As illus-
trated in Figure 4A and 4C, the profiles of cell
cycle distribution were quite different between
SiEIF3B-1 groups and vector groups in both
A549 and 95D cells. As shown in Figure 4B, the
percentage of cells in GO/G1 phase was signifi-
cantly lower than that in vector infected cells
(58.62% vs 74.75%, P < 0.001) in A549 cells,
whereas the percentage of S and G2/M phase
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in siEIF3B-1 transfected cells were remarkably
higher than those in vector infected cells
(23.58% vs 15.9%, 17.8% vs 9.35%, respec-
tively, P < 0.001). A similar tendency was also
found in 95D cells (Figure 4D, P < 0.001) except
there was no significant differences in the per-
centage of S phase in siEIF3B-1 and controls.
Collectively, EIF3B knockdown could arrest cell
cycle at G2/M phase in LAD cells.

Int J Clin Exp Pathol 2016;9(11):11179-11187
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Figure 4. Knockdown of EIF3B arrested cell cycle at G2/M phase in lung adenocarcinoma. A and C. Cell cycle distri-
bution of A549 and 95D was measured by flow cytometric analysis after Pl staining. B and D. Quantification of the
percentage of cells in GO/G1, S and G2/M phases in A549 and 95D cells after transfected with siEIF3B-1 or empty
vector. ***P < 0.001, as compared with empty vector groups.

EIF3B knockdown promotes cell apoptosis in
LAD cells through inhibit EGFR/ERK pathway

Flow cytometry and Annexin V/PI double stain-
ing were used to determine whether silencing
EIF3B had an accelerated effect on the apopto-
sis of A549 and 95D cells (Figure 5A). As shown
in Figure 5B, statistical analysis demonstrated
EIF3B knockdown significantly increased the
percentage of apoptotic cells, including early
apoptosis (Annexin V+/Pl-) and late apoptosis
(Annexin V+/PI+) in A549 and 95D cells follow-
ing siEIF3B-1 transfection, as compared to the
empty vector groups (P < 0.001). It has been
reported that therapeutic approaches against
EGFR, as well as its downstream signaling, like
MEK/ERK pathway is a promising direction for
lung cancer therapy [21, 22]. To further investi-
gate the molecular mechanism underlying the
inhibitory effects on proliferation induced by
EIF3B silencing, we analyzed the expression of
p-EGFR and p-ERK using Western blot analysis.
As shown in Figure 5D and 5E, the p-EGFR and
p-ERK protein levels were significantly down
regulated in siEIF3B-1 groups compared to that
in empty vector groups in both A549 and 95D
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cells. These results suggest EIF3B knockdown
induced apoptosis might through EGFR/ERK
pathway regulation in LAD.

Discussion

Uncontrolled cell proliferation is usually the
main character of malignant tumor occurrence.
Recent studies demonstrate eukaryotic mRNA
translation and protein synthesis play a key role
in the tumorigenesis pathways. EIF3B, as a
subunit of EIF3 complex, has been reported to
participate in nearly all stages of translation
and protein synthesis and promote various can-
cer progressions. However, its biological func-
tion in LAD has not been fully elucidated. Here,
we demonstrated that EIF3B was upregulated
in LAD fresh biopsy tissues and several LAD
cell lines, thus indicating that EIF3B may exhibit
increased expression in LAD.

The present study further revealed that knock-
down of EIF3B by siRNA suppressed malignant
cell proliferation of A549 and 95D, induced cell
cycle arrest at G2/M phase and promoted cell
apoptosis. These results indicated that EIF3B

Int J Clin Exp Pathol 2016;9(11):11179-11187
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Figure 5. EIF3B silencing promoted cell apoptosis through inhibiting EGFR/ERK pathway. A. Cell apoptosis analysis
was conducted by flow cytometric analysis after Annexin V/PI double staining in A549 and 95D following transfec-
tion with siEIF3B-1 or empty vector. B and C. Quantification of the early apoptosis (Annexin V+/PI-) and late apopto-
sis (Annexin V+/PI+) in A549 and 95D cells following siEIF3B-1 transfection or empty vector. D and E. The protein
levels of p-EGFR, EGFR, ERK and p-ERK were determined by Western blot analysis in A549 and 95D cells following
SiEIF3B-1 transfection or empty vector. GAPDH was used as internal control. ***P < 0.001, as compared with empty

vector groups.

might be associated with an inhibition in DNA
replication, which cause a reduced cell growth
rate found in cell growth analysis. Consistent
with our results, EIF3B silencing inhibits the cell
growth of colon cancer [23] and glioma [20]. It
has been shown that the main function of EIF3
is to adjust the interaction between mRNA and
ribosome, often the initial process of protein
synthesis. Therefore, it not hard to understand
EIF3B promoted cell cycle progression through
regulation of protein synthesis.

In addition to cell cycle regulation, promoting
cell apoptosis is also an important aspect of
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antitumor therapy on the growth of tumor cells
[24]. Our results showed knockdown of EIF3B
remarkably promoted cell apoptosis. Similar
findings have also been described in other
tumor types, including colon cancer [23] and
glioma [20]. Furthermore, we found knockdown
of EIF3B could down regulate expression of
p-EGFR and p-ERK. The increased EGFR plays
an important role in different types of human
tumors and correlates with the enhanced cel-
lular proliferation [25]. Moreover, its downregu-
lation promotes the development of resistance
to different targeted therapies [26, 27]. Our
results suggest possible distinct interactions

Int J Clin Exp Pathol 2016;9(11):11179-11187
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between EIF3B and EGFR expression in LAD.
EGFR regulation of cell proliferation and surviv-
al is also involved in its downstream pathways,
like ERK1/2, Akt and STAT3 pathways [28].
Consistently, EIF3B silencing effectively inhibit-
ed the EGFR/ERK pathway, which is of signifi-
cance because the inactivation of EGFR/ERK
signaling suppresses cell proliferation.

In summary, our studies reveal for the firstly
time the involvement of EIF3B in LAD develop-
ment and the potential molecular mechanisms
underlying its oncogenic function. These results
indicate EIF3B might be an oncogene in LAD
and its knockdown is a promising anti-LAD
therapy.
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