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Upregulation of eukaryotic translation initiation factor 4E
associates with a poor prognosis in gallbladder cancer
and promotes cell proliferation in vitro and in vivo
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Abstract. Eukaryotic translation initiation factor 4 (eIF4E)
has been demonstrated to promote tumorigenesis in different
types of cancer; however, whether eIF4E is involved in the
development of GBC is unclear. The present study aimed to
explore the biological function of eIF4E in gallbladder cancer
(GBC) and identified that the expression level of eIF4E was
significantly increased in GBC tissues compared with that in
normal gallbladder tissues. The overall survival (OS) was also
shorter in the group of patients with GBC with increased eIF4E
expression. Increased eIF4E was correlated with advanced
stage and higher histologic grade. Knockdown of eIF4E
significantly inhibited cell proliferation, colony formation and
cell cycle-associated protein expression levels in 2 GBC cell
lines. The weight of the tumors in the eIF4E knockdown group
was remarkably decreased compared with the control group. It
also was revealed that knockdown of eIF4E is associated with
upregulating cyclin-dependent kinase inhibitor 1B and down-
regulating the expression levels of cyclin El and cyclin D1
in vitro and in vivo. These data demonstrated that eIF4E is a
novel prognostic marker in GBC and may serve a critical role
in the regulation of cell proliferation.

Introduction
Gallbladder cancer (GBC) is the most common biliary tract

malignancy and the fifth common gastrointestinal cancer, with
an incidence of 2.5 per 100,000 population globally (1). The
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majority of GBC cases were patients who underwent exploration
for cholelithiasis (2). Despite the collaboration within multi-
disciplinary teams of surgeons, oncologists, and endoscopy
experts to provide the most appropriate treatment strategy for
patients with GBC, the prognosis remains extremely poor (3,4).
Therefore, it is essential to uncover the biological mechanism of
GBC, in order to develop a novel therapeutic strategy for GBC.

The family of eukaryotic initiation factors (eIFs) includes
at least 12 eukaryotic initiation factors, which are composed
of several polypeptides (5). One of those polypeptides, namely
elF4E, was proposed by numerous previous studies to be a
critical nexus for cancer development (6). Transcriptional
profiling of metastatic human solid tumors revealed that eIF4E
was one of the genes that was consistently up-regulated (7).
However, whether elF4E is associated with the human GBC
remains unclear.

In present study, the protein level of eIFAE was notably
increased in GBC tissues compared with normal gallbladder
tissues by immunohistochemistry (IHC) analysis. Increased
eIF4E levels were associated with a poorer prognosis.
Subsequent results indicated that knockdown of eIF4E
suppressed cell proliferation in vitro and in vivo.

Materials and methods

Patients and samples. The present study was approved by the
Ethics Committee of the First Affiliated Hospital of Anhui
Medical University (Hefei, China), and all patients provided
written informed consent. A total of 76 GBC specimens were
obtained from GBC patients who underwent radical cholecys-
tectomy at the General Surgery Department between November
of 2011 and November of 2016. All patients who were enrolled
in the study did not receive any prior treatment. The control
group included 58 normal gallbladder tissues, of which 21 spec-
imens were obtained from patients who were diagnosed with
hepatic hemangioma and underwent hepatectomy combined
with cholecystectomy, and the other 37 gallbladder adenoma
tissues obtained from patients with gallbladder adenoma who
underwent laparoscopic cholecystectomy (Table I). All tissues
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were assessed by tissue microarrays (TMA). Anatomic and
histologic grades were established according to the criteria
by American Joint Committee on Cancer (AJCC) tumor node
metastasis (TNM) Staging for Gallbladder Cancer (8).

Reagents and antibodies. The following reagents used in the
present study were purchased from the following sources:
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), complete EDTA-free protease inhibitor cocktail (Roche
Applied Science), sea plaque low melting temperature agarose
(Lonza Group, Ltd.), GAPDH antibody (cat. no. sc-166545;
1:5,000; Santa Cruz Biotechnology, Inc.), eIF4E antibody
(cat. no. sc-271480; 1:1,000; Santa Cruz Biotechnology,
Inc.), cyclin-dependent kinase inhibitor 1B (p27) antibody
(cat. no. P1484; 1:2,000; Sigma-Aldrich; Merck KGaA),
cyclinEl antibody (cat. no. AF0144; 1:1,000; Affinity
Biosciences), cyclinD1 antibody (cat. no. AF0931; 1:1,000;
Affinity Biosciences), Ki67 antibody (cat. no. AF0198, 1:200;
Affinity Biosciences) and horseradish peroxidase-conjugated
secondary antibodies (cat. nos. sc-2005 and sc-2004; 1:10,000;
Santa Cruz Biotechnology, Inc.).

Cell culture. The 2 human GBC cell lines used in the present
study were GBC-SD (Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences) and NOZ (Health Science
Research Resources Bank). The GBC-SD cells were cultured in
Dulbecco's modified Eagle medium (DMEM; Thermo Fisher
Scientific, Inc.). The NOZ cells were cultured in William's
medium E (Lonza Group, Ltd.) at 37°C in a humidified 5% CO,
incubator. Both media were supplemented with 10% fetal
bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.). The
NOZ and GBC-SD cells were passaged for 9 times prior to use
in the indicated functional experiments. All the cell lines were
routinely examined for mycoplasma contamination prior to use.

RNA interference. To generate lentiviruses expressing the indi-
cated shRNA, 293T cells (Americn Type Culture Collection)
grown on a 6 cm dish were transfected with 2 yg shRNA
(cloned in PLKO.1, Sigma-Aldrich; Merck KGaA), 2 ug pREV,
2 ug pGag/Pol/PRE, and 1 ug pVSVG. A total of 12 h after
transfection using Lipofectamine® 2000, Invitrogen; Thermo
Fisher Scientific, Inc.), the cells were cultured in DMEM
containing 20% FBS for an additional 24 h. The culture
medium containing lentivirus particles was filtered through
a 0.45-Im polyvinylidene difluoride (PVDF) membrane filter
(EMD Millipore). Then, 50% filtered DMEM containing lenti-
virus particles with 50% fresh DMEM or William's medium E
was incubated with GBC-SD or NOZ cells supplemented with
8 ug/ml polybrene (Sigma-Aldrich; Merck KGaA) for 24 h,
followed by selection with 2 yg/ml puromycin for an additional
24 h. The knockdown efficiency was evaluated by western blot
analysis. Cell flow was executed 96 h after transfection. The
shRNA target sequences used were as follows: sh-control:
CCTAAGGTTAAGTCGCCCTCG, sh-elF4E-1 (human):
CCACTCTGTAATAGTTCAGTA, sh-eIF4E-2 (human): CCA
AAGATAGTGATTGGTTAT.

Cell proliferation assay. A total of 1x10* GBC-SD or NOZ
cells expressing control shRNA or eIF4E shRNA suspended
in 0.5 ml DMEM or William's medium E containing 10%
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FBS were plated in 24-well plates and incubated at 37°C for
7 days. The cells were counted using Countstar Automated Cell
Counter (Simo Biotechnology Co.,Ltd.) at 3rd, 5th and 7th days.

Colony formation assay. To measure colony formation on
plates, 1x10° GBC-SD or NOZ cells expressing control siRNA
or eI[FAE shRNA suspended in 2 ml DMEM or William's
medium E containing 10% FBS were plated in 6-well plates
and incubated at 37°C for 3 weeks. The colonies were then
fixed with 4% paraformaldehyde for 15 min at room tempera-
ture, stained with trypan blue (room temperature, 15 min), and
scored using Image J (v1.8.0, National Institutes of Health).
To measure the colony formation in soft agar, 1x10* GBC-SD
or NOZ cells expressing control shRNA or eI[F4E shRNA
suspended in 1.5 ml DMEM or William's medium E containing
10% FBS and 0.3% SeaPlaque low melting temperature
agarose were plated in 1 well of 6-well plates over a 1.5 ml
layer of DMEM or William's medium E containing 10%
FBS/0.6% agarose. Cells were incubated at 37°C for 3 weeks
prior to fixing, staining and scoring, as aforementioned.

IHC. The expression level of eIF4E was detected in TMA
slides of GBC, adenomas and normal gallbladder tissues as
described previously (9). The average optical density of TMA
staining was measured with Image Pro Plus 6.0 software
(Media Cybernetics, Inc.).

Western blot analysis. The cells were lysed in radioimmunopre-
cipitation assay buffer (Beyotime of Institute of Biotechnology)
in an ice bath for 30 min, and centrifuged at 12,000 x g for
20 min at 4°C. The supernatant was stored at -80°C until
analysis. The protein concentration was measured using the
bicinchoninic acid (BCA) assay kit (Beyotime of Institute of
Biotechnology). The equal amount (30 ug) of proteins was
loaded onto 10% SDS-PAGE and transferred by electroblot-
ting to a PVDF membrane (EMD Millipore). The membrane
was blocked with 5% bovine serum albumin (Sangon Biotech
Co., Ltd.) for 1 h at room temperature. Primary antibodies
were incubated at 4°C overnight. The secondary antibody was
added to the membrane at room temperature for 1 h. Image J
(v1.8.0) was used for density analysis.

Xenograft model. A total of 5x10° NOZ cells expressing
control shRNA or eI[F4E shRNA were individually injected
into the dorsal flanks of 4-week-old male athymic nude mice
(Nanjing SLAC Laboratory Animal Co. Ltd.) (n=5 per group).
The mice were randomly assigned to groups in the experiment
(sh-control: 5 nude mice, sh-eIF4E-1: 5 nude mice). A total of
1 week after injection, tumors were measured per 4 days with
Vernier calipers and calculated using the following equation:
volume=length x width? x0.52. Then, 4 weeks after injection,
the mice were sacrificed, and the tumors were excised and
weighed. During measurement of the weight of the tumors,
the experimentalists were blinded to the information of
tumor tissues. The excised tumors were homogenized, and
proteins were extracted for western blot analysis, as afore-
mentioned. Studies on animals were conducted on the basis
of approval from the Animal Research Ethics Committee of
the University of Science and Technology of China (approval
no. PXTG-MYD2017102611).
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Table I. Expression level of eIF4E in normal gallbladder, gallbladder adenomas and GBC tissues.

No. of cases No. of cases
Variable <70/=70 (male/female) Optical density of eIF4E expression (x+s) P-value
Normal gallbladder 15/6 7/14 0.264 (0.145,0.278) 0.047*
Gallbladder adenomas 21/16 13/24 0.341 (0.292,0.374) 0.010°
GBC 49/27 24/52 0.401 (0.348,0.453) 3.610x107

The data of the average optical density of eIF4E expression in the three groups were analyzed by one-way analysis of variance and Bonferroni
post-hoc test for multiple comparisons. *Normal gallbladder vs. gallbladder adenomas. *Gallbladder adenomas vs. GBC. “Normal gallbladder

vs. GBC.
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Figure 1. eIF4E overexpression is associated with a poor prognosis in patients with GBC. (A) Representative photos of immunohistochemical staining of eIF4E
in normal gallbladder, gallbladder adenomas and GBC. Scale bar, 500 #m. (B) The Kaplan-Meier curves based on eIF4E expression via immunohistochemical
analysis in patients with GBC. The overall survival of the high eIF4E group (n=38; optical density of tissue microarray staining was =0.3955) was significantly
decreased compared with that in the low eIF4E group (n=38; log-rank=8.513; P=0.004). (C) The Kaplan-Meier curves based on Tumor Node Metastasis stage
in patients with GBC. The overall survival of the early stage group (n=20) was significantly increased compared with that in the advanced stage group (n=56;
log-rank=18.972; P=1.327x10"). eI F4E, eukaryotic translation initiation factor 4; GBC, gallbladder cancer.

Statistical analysis. The statistical analysis was conducted by  and were determined using a Mann-Whitney U test. The
using SPSS 17.0 software (IBM Corp.). Data were presented  mortality risks of GBC were analyzed using Kaplan-Meier
as the mean + standard deviation. The skewness data are  estimator for univariate survival analysis followed by log-rank
expressed as the mean with 1st and 3rd interquartile ranges, test. The patient's age, sex, anatomic stage, histological grade
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Table II. Expression of eIF4E and clinicopathological characteristics of patients with gallbladder cancer.

Optical density of e[F4E expression

Variable N Value, mean (1st and 3rd interquartile ranges) Z-value P-value

Age -0.613 0.540
<70 49 0.401 (0.334,0.455)
=70 27 0.398 (0.357,0.452)

Sex -0.995 0.320
Male 24 0.383 (0.348,0.429)
Female 52 0.408 (0.347,0.467)

Primary tumor (T) -2.194 0.028
Tis-T1 22 0.350 (0.278, 0.440)
T2-T4 54 0.394 (0.357, 0.460)

Regional lymph nodes (N) -0.235 0.814
NO 52 0.391 (0.342,0.467)
N1 24 0.408 (0.353,0.447)

Anatomic stage -2.283 0.022
0-1 20 0.349 (0.288,0.435)
II-111B 56 0.413 (0.357,0.457)

Histologic grade -2.908 0.004
G1-G2 (well-moderately) 51 0.387 (0.326,0.431)
G3-G4 (poorly-undifferentiated) 25 0.441 (0.377,0.521)

Statistical analyses were performed using Mann-Whitney U test. eIFAE, eukaryotic translation initiation factor 4.

and eIF4E status indicators were analyzed by the Cox propor-
tional hazards model. The data from the in vitro experiments
were analyzed using one-way analysis of variance followed by
Bonferroni's correction post-hoc test.

Results

Overexpressing elF4E indicates a poor prognosis in
patients with GBC. eIFAE expression was assessed in normal
gallbladder, gallbladder adenomas and GBC by IHC. The
expression of eIF4E was significantly increased in GBC
compared with gallbladder adenomas, and normal gallbladder
tissue exhibited significantly decreased eIF4E expression
compared with gallbladder adenomas (Fig. 1A; Table I).
The expression of eIF4E was notably increased in advanced
stage GBC (anatomic stage III and IV) compared with early
stage GBC (anatomic stage I and II) (P=0.022; Table II).
Furthermore, the eIF4E expression was markedly associated
with histological grade (P=0.004; Table II).

Then, the Kaplan-Meier analysis indicated that the
group with increased elF4E expression (the optical density
of TMA staining was =0.3955) was significantly associ-
ated with poor overall survival (OS) in patients with GBC
(log-rank=8.513; P=0.004; Fig. 1B). However, the OS of the
early stage (0-I) group was notably improved compared with
that in the advanced stage (II-I1IB) group (log-rank=18.972;
P=1.327x107%; Fig. 1C). The median OS for the high eIF4E
expression group was 5 months, whilst it was 18 months for
the low eIF4E expression group (Table III).

Furthermore, multivariate Cox regression analysis
confirmed that overexpression of elF4E was negatively
correlated with post-operative OS, whereas it was positively
associated with anatomic stage and historical grade, indicating
that eIF4E expression is an independent prognostic factor in
patients with GBC.

Knockdown of elF4E inhibits the proliferation and colony
formation of GBC and NOZ cells in vitro. The biological func-
tion of eIF4E in GBC was investigated using eIF4E-specific
shRNA knockdown cells. The effects of eIF4E on prolifera-
tion of GBC cells were determined by cell growth curve and
colony formation assays. As demonstrated in Fig. 2A and B,
the cell growth curve indicated that the knockdown of eIF4E
significantly inhibited the proliferation of GBC-SD and NOZ
cells. Consistent with the observations of the cell growth
curve, the colony forming ability of GBC-SD and NOZ cells
was markedly decreased in eI[FAE shRNA transfected cells
(sh-eIF4E group; Fig. 2C and D). Furthermore, the number of
the colonies in the sh-eIF4E group was significantly decreased
compared with that of the sh-control group in soft agar
(Fig. 2E and F).

Knockdown of elF4E inhibits the cell cycle of GBC and NOZ
cells in vitro. Subsequent analyses were conducted to evaluate
the effects of eIF4E on cell cycle using flow cytometry. A total
of 96 h after lentivirus infection, an increase in the fraction
of cells in the G,/G, phase was observed in sh-eIF4E group
compared with that in the sh-control group in GBC-SD and
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Table III. Multivariate Cox regression analysis of the anatomic stage, histologic grade and optical density of eukaryotic translation
initiation factor 4 expression in gallbladder cancer cells.

Variable B SEB Wald Relative risk (95% confidence interval) P-value
Anatomic stage 2.532 0.762 11.041 12.575 (2.825-55.986) 0.001
Histologic grade 0.794 0.353 5.067 2.212(1.108-4.416) 0.024
Optical density of eIF4E expression 1.054 0374 7.937 2.868 (1.378-5.969) 0.005
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Figure 2. Knockdown of eIF4E inhibits the proliferation and colony formation of GBC and NOZ cells in vitro. (A) GBC-SD and (B) NOZ cells were transfected
with lentiviruses expressing control shiRNA or eIF4E shRNA. A total of 48 h after infection, cell numbers were counted at the indicated time points. (C) Colony
formation assays of GBC and NOZ cells after shRNAs transfection. A total of 1x10* cells/well were seeded and incubated at 37°C for 3 weeks. (D) Quantitative
analysis of colony forming assay. (E) The colony formation assay of GBC and NOZ cells in soft agar following shRNAs transfection. A total of 1x10* cells/agar
were seeded and incubated at 37°C for 3 weeks. (F) Quantitative analysis of colony forming assay. All the experiments were repeated 3 times. eIF4E, eukary-
otic translation initiation factor 4; shRNA, short hairpin RNA; ctr/ctrl/contr, control. Statistical analyses were performed using one-way analysis of variance
followed by Bonferroni's correction post-hoc test.

NOZ cells. The fraction of cells in the G,/M phase decreased  the expression levels of cell cycle-associated proteins was
in knocking down eIF4E shRNA-transfected NOZ cells investigated using western blot analysis. As indicated in
(Fig. 3A-D). In addition, whether eIF4E was able to regulate  Fig. 3E, knockdown of eIF4E resulted in a decrease in the
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Figure 3. Knockdown of eIF4E inhibits the cell cycle of GBC and NOZ cells in vitro. (A) GBC-SD and (B) NOZ cells were transfected with shRNA and
incubated for 96 h, and the cell cycle distribution was evaluated by flow cytometry. (C and D) Representative histograms and the percentage of (C) GBC-SD
and (D) NOD cells in each phase are shown (mean + standard deviation; n=3). (E) Western blot analysis was performed to examine the cell-cycle proteins,
including p27, cyclin D1 and cyclin El. eIF4E, eukaryotic translation initiation factor 4; sShRNA, short hairpin RNA; contr, control; p27, cyclin-dependent
kinase inhibitor 1B. Statistical analyses were performed using one-way analysis of variance followed by Bonferroni's correction post-hoc test.

expression levels of cyclin D and cyclin E, in addition to an
increase in the expression level of p27 in GBC-SD and NOZ
cells compared with those in the control group. Collectively,
these data demonstrated that eIF4E serves a pivotal role
in regulating proliferation of GBC cells by modulating the
expression of cell cycle-associated proteins.

Knockdown of elF4E inhibits the GBC tumor growth in vivo.
To additionally confirm the function of eIF4E in GBC devel-
opment, subcutaneous xenograft models were established in
BALB/C nude mice using NOZ cells. As demonstrated in
Fig. 4A-D, the tumor growth was significantly suppressed in
sh-eIF4E group compared with that in the sh-control group,
as evidenced by decrease of volume and weight of xenografts.

Additionally, the expression levels of p27, cyclin D1 and
cyclin El in harvested subcutaneous xenografts was detected
using western blot analysis, and the expression levels of P27,
cyclin DI, cyclin El and Ki-67 by IHC assays. As demon-
strated in Fig. 4E and F, knockdown of eIF4E resulted in
the decreased expression levels of cyclin D1, cyclin E1 and

Ki-67, while increased expression of p27. Taken together, these
results indicated that knockdown of eIF4E inhibits the GBC
tumor growth in vivo.

Discussion

At present, the biological mechanism of eIFAE in GBC is not
well understood. In the present study, it was revealed that the
expression of eIF4E was associated with the prognosis of GBC
and its role in the proliferation of GBC cells.

Several previous studies have verified that eIF4E is overex-
pressed or deregulated in different types of cancer, including
breast cancer (10), melanoma (11), and prostate (12), lung (13)
and colorectal (14) cancer. It also has been demonstrated that
a subset of mRNAs encoding cancer-associated proteins,
such as ¢c-MYC and cyclin D1, were identified to be sensitive
to the activity of the eIF4F complex (15) and may serve as
a convergence point for hyperactive signaling pathways to
promote tumorigenesis (16). The present study confirmed that
knockdown of eIF4E in GBC cells inhibited cell proliferation,
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Figure 4. Knockdown of eIF4E inhibits the GBC tumor growth in vivo. (A) A total of 5x10° NOZ cells expressing control ShRNA and eIF4E shRNA were
individually injected to the left flank and right flank of nude mice. Then, 4 weeks after injection, the mice were sacrificed (n=3). (B) Representative tumor
tissues excised from mice. (C and D) The tumor volume and weight of the tumor in mice were measured and calculated. (E) The expression levels of
cell cycle-associated proteins and eIF4E were evaluated by western blot analysis among the indicated groups. (F) The immunohistochemical staining
of cell cycle-associated proteins, Ki 67 and elF4E, in tumors. Scale bar, 50 ym. eIF4E, eukaryotic translation initiation factor 4; shRNA, short hairpin

RNA; contr, control; p27, cyclin-dependent kinase inhibitor 1B.

oncogenic potential and cell cycle arrest, which is consistent
with the previously described data (17,18).

Whether the knockdown of eIF4F is an appropriate strategy
for cancer treatment is an important avenue of study. By gener-
ating an elF4F haploinsufficient mouse model, Truitt et al (19)
identified that decreasing the level of eIF4E inhibited the
oncogenic potential of human KRAS-driven lung cancer
cells, and that this was not detrimental to normal mammalian
physiological processes. In addition, the eIF4E must be phos-
phorylated to promote tumor development (20). The androgen
receptor is a negative regulator of phosphorylation of serine
209 in elF4F, indicating a potential therapeutic target in
prostate cancer (21). Based on preclinical data demonstrating
that eIF4F regulates the translation of mRNAs involved in
cell survival and chemotherapy resistance, a clinical trial
(clinical trial no. 01675128) that combined ISIS 183750, a
second-generation antisense oligonucleotide designed to

inhibit the production of the eIF4E protein, and irinotecan
in patients with irinotecan-refractory metastatic colorectal
cancer and did not result in objective clinical responses (22).
However, Robichaud et al (23) attempted to provide a rationale
for targeting eIF4E phosphorylation in cancer cells and cells
that comprise the tumor microenvironment to halt metastasis,
demonstrating the efficacy of this strategy using merestinib,
representing a therapeutic strategy for cancer.

The present study identified that the expression of eIF4E was
markedly upregulated in GBC tissues compared with gallbladder
adenomas samples or normal gallbladder tissues, and that high
elF4E expression levels in GBC tissues were associated with
advanced stage, higher histologic grade and poorer prognosis.

In summary, the results from the present study demon-
strated that eIF4E served a critical role in the regulation of cell
proliferation, and may function as an independent prognostic
maker for GBC.
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