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Overexpression of eIF3e is correlated with colon tumor 
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Abstract: EIF3e is a component of the eukaryotic translation initiation factor 3 (eIF-3) complexes, which is an es-
sential factor for initiation of protein synthesis in mammalian cells. Translational control plays key roles in the 
complex mechanism of cancer development and progression. However, the clinical significance of eIF3e in colon 
cancer remains to be elucidated. We analyzed the eIF3e expression in a tissue microarray (TMA), which contained 
173 colon cancer tissues paired with adjacent normal mucosa and lymph node metastasis. The expression of eIF3e 
was significantly elevated in colon cancer tissues in comparison with those in adjacent normal mucosa (P < 0.001) 
and lymph node metastasis (P < 0.001). The high expression of eIF3e in colon cancer was significantly correlated 
with tumor size (P < 0.001), lymph node involvement (P < 0.001), distant metastasis (P < 0.001), clinical stage (P 
< 0.001), histopathologic classification (P < 0.001), and vessel invasion (P = 0.036). Univariate and multivariate 
analysis revealed that eIF3e is an independent prognosis factor for overall survival and disease-free survival in 
colon cancer. Down-regulation of eIF3e in vitro inhibited colon cancer cell proliferation, clonality and promoted cell 
apoptosis. Taken together, high eIF3e expression may contribute to tumor progression and predict poor prognosis 
in colon cancer. 

Keywords: Colon cancer, clinicopathological features, prognosis, eIF3e, proliferation, apoptosis

Introduction

Colon cancer claims a third rank in the list of 
most common cancers diagnosed worldwide 
[1]. More developed countries suffer higher 
morbidity of colon cancer due to the unhealthy 
lifestyle [2]. But in recent years, the risk of 
colon cancer significantly increased in several 
less developed and economically transitioning 
countries, such as China, due to the adoption 
of unhealthy western lifestyles such as smok-
ing and physical inactivity and consumption of 
calorie-dense food [3, 4]. Colon cancer arises 
through a multistep process in which genetic 
and epigenetic aberrations accumulate in a 
sequential order to drive malignant transforma-
tion of normal colon cells [5]. Some of these 
aberrations, for instance, microsatellite insta-

bility, BRAF mutation, 18q loss of heterozygosi-
ty, KRAS, p53, guanylyl cyclase 2, ERCC-1, had 
been validated as biomarkers for predicting 
chemoresistance and prognostic in colon can-
cer [6, 7].

Screening of differentially expressed genes 
(DEGs) and pathways in the pathogenesis 
through constructing and analyzing high-
throughput genomic data can contribute to the 
understanding on molecular mechanisms of 
colon cancer. These DEGs could act as new bio-
markers for diagnosis and therapy of colon can-
cer [8]. In our previous studies, a pure popula-
tion of colon cancer and normal colon cells was 
obtained and the global gene-expression differ-
ences were compared in the 2 cell types using 
combined cDNA microarray and antisense RNA-

http://www.ijcep.com


Clinical significance of eIF3e in colon cancer

6463 Int J Clin Exp Pathol 2014;7(10):6462-6474

long serial analysis of gene expression (aRNA-
LongSAGE) approaches. Several genes (IFITM3, 
FERMT1, MT1F, IMP3, PER 3, etc) that were dif-
ferentially expressed in those 2 types of cells 
were identified as potential colon cancer relat-
ed genes in further studies [9-13]. Eukaryotic 
translation initiation factor 3 subunit E (eIF3e) 
was overexpressed in colon cancer cells com-
pared with normal colonic cells in our microar-
ray data (signal: 394.8 vs. 124.9) and LongSAGE 
analysis (tag count: 49 vs. 14).

EIF3e is a component of the eukaryotic transla-
tion initiation factor 3 (eIF-3) complexes, which 
is required for the regulation of translation ini-
tiation of protein synthesis. Alterations in the 
protein synthesis machinery and translational 
control could lead to selective translation of 
specific mRNAs that promote tumor cell surviv-
al, angiogenesis, transformation, invasion and 
metastasis. Translation factors also functional-
ly interact with oncogenes and are often prima-
ry targets of signal transduction pathways that 
underlie most human cancers. Therefore, 
translational control plays key roles in the com-
plex mechanism of cancer development and 
progression [14]. Human eIF3 is an 800-kDa 
molecular mass assembly of 13 subunits that 
are designated eIF3a-eIF3m. The functional 
core of human eIF3 is composed of three con-
served subunits (eIF3a, eIF3b, and eIF3c), and 
three non-conserved subunits (eIF3e, eIF3f, 
and eIF3h). The eIF3-abc subcomplex per-
formed most eIF3 functions. The presence of 
the eIF3e was required for formation of a stable 
eIF3 complex [15]. The role of eIF3e in carcino-
genesis is still controversial in the literature 
and could depend on the tumor stage and type. 
EIF3e was generally considered as tumor sup-
pressor in breast and lung carcinomas [14, 16]. 
However, eIF3e silencing inhibits human glioma 
cell proliferation via induction of cell cycle 
arrest and apoptosis [17]. The clinical sig- 
nificance and function of eIF3e in colon cancer 
remain largely unknown.

In this study, we evaluated the expression pat-
tern of eIF3e, and the relationship between 
eIF3e expression and clinicopathological char-
acteristics in colon cancer. We investigated 
whether eIF3e could act as an independent 
prognosis predictor in colon cancer patients. 
Furthermore, we revealed that the mechanism 
of eIF3e promoting tumor progression and pre-
dicting poor prognosis was partially dependent 
on the ability to promote cancer cell prolifera-

tion, enhance colony formation, and inhibits 
cell apoptosis.

Materials and methods

Patients and specimens

Tissue specimens were obtained from colon 
cancer patients who underwent colectomy 
between January 2001 and December 2003 at 
Shanghai Jiaotong University Affiliated First 
People’s Hospital. None of these patients 
received adjuvant therapy prior to the surgery. 
173 formalin-fixed, paraffin-embedded tissues 
were applied for histological and immunohisto-
chemical analysis. All specimens were analyzed 
and diagnosed by two pathologists who were 
blinded to clinical information. Tumor staging 
were carried out according to the American 
Joint Committee on Cancer (AJCC) classifica-
tion system based on the tumor size (T), lymph 
node involvement (N), and distant metastasis 
(M). The disease-free survival (DFS) was defined 
as the interval from the surgery to clinically or 
radiologically proven recurrence or metastasis 
while the overall survival (OS) was defined as 
the interval from initial surgery to death. The 
follow-up was carried out according to the 
National Comprehensive Cancer Network 
Practice guidelines and the end date was June 
29, 2008.

Bioinformatics analysis

The transcriptome database for colon cancer 
based on LCM-LongSAGE was constructed as 
described previously [13], and upregulated 
genes were identified according the following 
conditions: P < 0.05, fold change > 3, and num-
ber of expression tags > 0.

RNA extraction and quantitative real-time poly-
merase chain reaction (RT-PCR)

Total RNA was extracted according to the man-
ufacturer’s protocol (RNAEasy kit; Qiagen; 
Hilden, Germany). One microgram of total RNA 
was subjected to first-strand cDNA synthesis 
according to the manufacturer’s instruction 
(High Capacity cDNA Reverse Transcription Kit; 
Applied Biosystems; Carlsbad, CA, USA). 
Quantitative PCR was performed with SYBR 
Green PCR Master Mix (Applied Biosystems) 
and Mastercycler ep Realplex (Eppendorf; 
Hamburg, Germany). EIF3e was amplified using 
the sense primer 5’-TTCTTCAATCACCCCAAA- 
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GG-3’ and antisense primer 5’-TAGAACCTG- 
CCGACGTTTTC-3’. Glyceraldehydes-3-phosph- 
ate dehydrogenase (GAPDH) was amplified as 
endogenous control using the sense primer 
5’-AGCAAGAGCACAAGAGGAAG-3’ and the anti-
sense primer 5’-AACTGGTTGAGCACAGGGTA-3’. 
These reactions were repeated three times. 
The results were calculated using the formulas 
below: eIF3eΔCt = (mean eIF3e_Ct-mean 
GAPDH_Ct), eIF3eΔΔCt = (eIF3eΔCt_tumor- 
eIF3eΔCt_normal).

In these formulas, Ct represents the thresholds 
for eIF3e or GAPDH in the tumor or normal 
group. The fold-change was represented by the 
logarithmic scale of 2-ΔΔCt.

Tissue microarray (TMA) construction and im-
munohistochemistry

The TMAs were constructed in cooperation with 
Outdo Biotech Co. (Shanghai, China). Cores 
were archived from optimal tumor specimens 
with the help of a 2.0 mm diameter punch 
instrument. The samples archived from the 
same patient were placed next to each other on 
the TMA for assuring the uniform treatment. 
Immunohistochemistry was performed as pre-
viously reported to investigate eIF3e expres-
sion [12]. Briefly, immunostaining was per-
formed using Envision kit (Dako; Glostrup, 
Denmark). After antigen retrieval, sections 
were incubated overnight at 4°C with the pri-

Table 1. Overexpressed eIF subunits in colon cancer specimens identified by bioinformatics analysis of 
LCM LongSAGE libraries and LCM microarray
Ca-Count N-Count Total AVG_P_Chance Unigene Description
53 14 67 < 0.001 371001 Eukaryotic translation initiation factor 3, subunit 9 eta, 116 kDa EIF3B

49 14 63 < 0.001 405590 EIF3S6 Eukaryotic translation initiation factor 3, subunit 6 48 kDa EIF3E

16 2 18 0.000713 539684 EIF2S3 Eukaryotic translation initiation factor 2, subunit 3 gamma, 52 kDa EIF2G

8 1 9 0.019967 530096 EIF3S2 Eukaryotic translation initiation factor 3, subunit 2 beta, 36 kDa EIF3I

5 0 5 0.031014 558324 EIF4E Eukaryotic translation initiation factor 4E EIF4E

10 3 13 0.044844 534314 EIF5A Eukaryotic translation initiation factor 5A EIF5A
LCM, laser capture microdissection; Long SAGE, long serial analysis of gene expression.

Figure 1. Analysis of eIF3e mRNA expression in normal mucosa and tumor tissue. Quantitative real-time PCR as-
sessed eIF3e mRNA expression in 40 paired fresh specimens. GAPDH was amplified as endogenous control, 2-ΔΔCt 
was calculated to represent the fold-change. Tumor tissues had a significantly higher eIF3e mRNA expression than 
that in normal mucosa (P < 0.01).
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mary antibody against eIF3e (Anti-eIF3e anti-
body ab36766, Abcam; Cambridge, MA, USA; 
diluted 1:200). The slides were then incubated 
with secondary antibody for 30 min at room 
temperature. The immunohistochemical stain-
ing was evaluated on the basis of the staining 
intensity and extent by two pathologists with-
out knowledge of the patient clinical informa-
tion. Positive staining was classified into three 
groups: negative, weakly positive and strongly 
positive, representing negative, low and high 
eIF3e expression, respectively.

Lentiviral-mediated RNA interference (RNAi)

The lentiviral-mediated RNA interfering delivery 
system was constructed with the assistance of 
GenePharma Biotech Co. (Shanghai, China). 
The human colon cancer cell lines, HCT116 

with negative control virus and target RNA 
interfering virus, respectively. After incubation 
for three days, the expression of GFP was 
observed under the fluorescence microscope 
to evaluate the infection efficiency.

Cell proliferation assay

Cells were trypsinized at the logarithmic phase 
and resuspended in complete medium. After 
adjusting density to 2 × 104/ml, cells were 
seeded into plates (2000 cells/well). Each 
group contained three compound perforations. 
The cells were incubated at 37°C with 5% CO2 
and the plates were read with Cellomics 
ArrayScan system for five days. With the appli-
ance of Cellomics ArrayScan (Thermo Fisher 
Scientific Inc, USA), the quantity of cells with 
green fluorescence were accurately calculated. 

Figure 2. Analysis of eIF3e protein expression in normal mucosa and tumor tissue. A1, A2. Negative eIF3e expres-
sion in normal mucosa. B1, B2. Weakly positive staining of eIF3e in colon cancer tissue. C1, C2. Moderately positive 
staining of eIF3e in colon cancer tissue. D1, D2. Strongly positive staining of eIF3e in colon cancer tissue.

Table 2. Expression of eIF3e in normal mucosa, cancerous tissues and 
lymph node metastasis tissues

Tissue sample n
eIF3e expression

P value
Negative (n, %) Weak (n, %) Strong (n, %)

Normal mucosa 173 117 (67.6) 50 (28.9) 6 (3.5)
Cancerous tissue 173 32 (18.5) 99 (57.2) 42 (24.3) < 0.001a

LNM tissue 54 5 (9.3) 18 (33.3) 31 (57.4) < 0.001b

eIF3e, eukaryotic translation initiation factor 3 subunit E; LNM, lymph node metastasis. 
asignificantly different eIF3e expression between cancerous tissues and normal mucosa; 
bsignificantly different eIF3e expression between LNM tissues and normal mucosa.

were cultured in DMEM 
(Gibco; Carlsbad, CA, USA) 
with 10% fetal bovine 
serum (FBS; Gibco), at 
37°C with 5% CO2. Expo- 
nentially growing cells were 
divided into two groups: 
negative control (Scr-
shRNA-HCT116) and knoc- 
kdown (eIF3e-shRNA-HCT- 
116), in which the normal 
target cells were infected 
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The data were collected and analyzed to estab-
lish a proliferation curve for the five days.

Plate colony formation assay

Exponentially growing cells were collected and 
seeded in 6-well plates with 800 cells per well. 
The medium was changed every 3 days, for 14 
days incubation. After fixed by paraformalde-
hyde, the colonies were stained with Giemsa 
for 20 min. The plates were photographed, and 
the colonies were counted.

Cell apoptosis assay

Cell apoptosis assay was conducted using 
Annexin V Apoptosis Detection Kit APC (ebiosci-
ence, San Diego, USA) according to the manu-
facturer’s protocol. Briefly, cells were collected 
at logarithmic phase with three compound per-
forations in each group. After the cells were 
washed by binding buffer, staining buffer was 
added to resuspend the precipitate. Five micro-
litre Annexin V-APC was added to 100 μl cell 
suspension for dyeing. After incubation for 15 
min away from light, the mixture was analyzed 
using FACS Calibur (BD, USA).

Statistical analysis

The χ2 test or Fisher’s exact test was used to 
estimate the statistical significance of differ-
ence between eIF3e expression and clinico-
pathological features. Kaplan-Meier method 
was used for analyzing patients’ cumulative 
survival rate. Furthermore, univariate and mul-
tivariate Cox proportional hazard model was 
applied to evaluate the hazard ratios for the 
variables. Differences between experimental 
groups were analyzed by t-test or one-way anal-
ysis of variance (ANOVA) followed by Bonferroni 
test. We used the statistical software SPSS19.0 
(Chicago, IL, USA) to carry out all statistical 
analyses. A P-value of less than 0.05 was 
regarded to be statistically significant.

Results

Bioinformatics results

Six eIF subunits were significantly overex-
pressed through bioinformatics analysis of 2 
transcriptome databases (Table 1). Both of 
these genes were upregulated, including eIF3e 
(P < 0.001). Among these subunits, eIF3B, 
eIF3I, eIF4E and eIF5A had been validated to 

be associated with tumor progression. The role 
of eIF3e in colon cancer progression was urgent 
to be elucidated.

Aberrant overexpression of eIF3e in colon can-
cer tissues

Quantitative real-time polymerase chain reac-
tion (RT-PCR) revealed that the eIF3e was over-
expressed at mRNA level in tumor tissues. 
Thirty five of forty tumor tissues showed higher 
eIF3e mRNA expression compared with paired 
normal tissues. The ration of eIF3e mRNA 
expression was 3.04 ± 2.65 and the difference 
of eIF3e mRNA expression between tumor tis-
sues and paired normal tissues was significant 
(P < 0.01, Figure 1). TMA containing cancerous 
tissues paired with normal mucosa and lymph 
node metastasis was constructed and immu-
nohistochemstry was performed to investigate 
the eIF3e protein expression in colon cancer. 
EIF3e was mainly observed brown staining in 
the cytoplasm of colon cancer cells, colon epi-
thelial and mesenchymal (Figure 2). Significant 
differences were found between normal muco-
sa and cancerous tissue (P < 0.001, Table 2), 
normal mucosa and LNM metastasis (P < 
0.001, Table 2). Only 6 of 173 (3.5%) normal 
mucosa showed strong eIF3e expression with 
an obvious contrast to 42 of 173 (24.3%) in 
cancerous tissue and 31 of 54 (57.4%) in LNM 
tissue.

Relationship of eIF3e expression with clinico-
pathological features in colon cancer

The relationship between eIF3e expression and 
clinicopathological features is displayed in 
(Table 3). As shown, we found no significant dif-
ferences between eIF3e expression and age, 
gender or tumor location (P > 0.05). On the con-
trary, eIF3e expression was significantly corre-
lated with T classification (P < 0.001), lymph 
node involvement (P < 0.001), distant metasta-
sis (P < 0.001), clinical stage (P < 0.001), dif-
ferentiation (P < 0.001), and vessel invasion (P 
= 0.036). These data strongly indicated that 
eIF3e expression play an important role in the 
progression of colon cancer.

Prognostic value of eIF3e expression in colon 
cancer patients

Kaplan-Meier curve analysis indicated that 
patients with high eIF3e expression were asso-
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Table 3. Associations of eIF3e expression with clinicopathological features 
in colon cancer (n = 173)

Variables n
eIF3e expression

P value
Negative (n = 32) Weak (n = 99) Strong (n = 42)

Age
    < 65 y 71 10 44 17 0.417
    ≥ 65 y 102 22 55 25
Gender
    Male 73 14 42 17 0.959
    Female 100 18 57 25
Location
    Right 73 10 46 17 0.209
    Transverse 13 2 10 1
    Left 87 20 43 24
T stage
    T1 7 3 3 1 < 0.001
    T2 21 8 12 1
    T3 64 11 45 8
    T4 81 10 39 32
N stage
    N0 90 24 55 11 < 0.001
    N1 55 7 34 14
    N2 28 1 10 17
M stage
    M0 157 31 96 30 < 0.001
    M1 16 1 3 12
AJCC Stage
    I 21 9 10 2 < 0.001
    II 67 15 44 8
    III 69 7 42 20
    IV 16 1 3 12
Differentiation
    Well 82 24 50 8 < 0.001
    Moderate 63 6 38 19
    Poorly 28 2 11 15
Vessel invasion
    No 162 30 96 36 0.036
    Yes 11 2 3 6
eIF3e, Eukaryotic translation initiation factor 3 subunit E; AJCC, American Joint Committee on 
Cancer. P values are based on chi-square test or Fisher’s Exact test if necessary.

ciated with poor prognosis (Figure 3). The esti-
mated mean OS was 86.5 months, 72.67 
months and 37.1 months in patients with nega-
tive, weak and strong eIF3e expression, respec-
tively. Similar results were observed while ana-
lyzing DFS in patients with different eIF3e 
expression (84.33 months, 66.69 months and 
29.14 months). 

decreased survival than those with negative 
eIF3e expression.

Knockdown of eIF3e expression leads to the 
inhibition of colon cancer cell proliferation

As high eIF3e expression is associated with 
poor prognosis of colon cancer patients, we 
knocked down the eIF3e expression in human 

To further evaluate the 
prognostic value of 
eIF3e expression in 
colon cancer patients, 
we performed univari-
ate analysis for clinico-
pathological features 
and eIF3e expression 
level. In univariate an- 
alysis, lymph node in- 
volvement, distant me- 
tastasis, clinical stage, 
histopathological gra- 
de, vessel invasion 
and eIF3e expression 
were associated with 
both DFS and OS 
(Tables 4 and 5). Mul- 
tivariate analysis was 
carried out using the 
Cox proportional haz-
ards model for signifi-
cant variables in uni-
variate analysis. N 
stage and M stage 
were excluded from 
the multivariate analy-
sis for their collinearity 
with AJCC stage. As 
shown in Tables 4 and 
5, high eIF3e expres-
sion remained signifi-
cantly prognostic for 
decreased survival 
and increased disease 
recurrence. Strong eIF- 
3e expression was 
associated with app- 
roximately 10.3-fold 
risk of disease recur-
rence than negative 
eIF3e expression. Me- 
anwhile, patients with 
strong eIF3e suffer 
nearly 17-fold risk of 
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Figure 3. High eIF3e expression was associated with poor prognosis of colon cancer patients. A Kaplan-Meier analy-
sis of: (A) disease-free survival (n = 173) and (B) overall survival (n = 173) in colon cancer patients according to the 
expression level of eIF3e. Patients with higher eIF3e expression had a significantly poorer prognosis.

colon cancer cell line to investigate the biologi-
cal behavior variation. After lentiviral-mediated 
RNAi in HCT116, which is a human colon cell 
line, cell proliferation variation was evaluated 
by cellomics (Figure 4). As shown in Figure 4, 
the cell count in the knockdown group was sig-
nificantly reduced in comparison with the nega-
tive control. The results indicated that down-
regulation of eIF3e gene inhibited the prolifera-
tion of HCT116 cells.

Knockdown of eIF3e expression leads to the 
inhibition of colon cancer cell clonality

Since eIF3e gene silencing was associated with 
a decrease in the cell count of HCT116 cell, we 
performed plate colony formation assay to 
investigate the variation of clonality. The results 
showed that the clone number decreased, 
which was in obvious contrast to the negative 
control group (Figure 5, P < 0.01). These find-
ings suggest that downregualtion of eIF3e 
expression signally inhibited the clonality of 
HCT116.

Knockdown of eIF3e expression reduce the 
apoptosis of colon cancer cell

FACS analysis was performed to further explore 
the effect of eIF3e expression on cell apopto-
sis. The apoptosis percentage of HCT116 cells 
was significantly increased in eIF3e-shRNA 
cells compared to Scr-shRNA (Figure 6, P < 

0.01). It indicates that knockdown of eIF3e 
gene promotes the apoptosis of HCT116 cells.

Discussion

According to our digital gene expression profil-
ing data by LCM-LongSAGE, 6 eIF subunits 
(eIF2G, eIF3B, eIF3E, eIF3I, eIF4E and eIF5A) 
were significantly overexpressed in colon can-
cer cells (Table 1). The contribution of eIF4E to 
cellular transformation, tumorigenesis and 
metastasis has been well documented over the 
past few years. EIF-4E was overexpressed in a 
variety of human tumors, and has been consid-
ered as a therapeutic target and as a marker 
for human cancer progression [18]. Decreased 
expression of EIF3B gene resulted in the inhibi-
tion of human colon cancer cell proliferation 
[19]. Overexpression of eIF3I drives colon onco-
genesis by directly upregulating the synthesis 
of cyclooxygenase-2 (COX-2) protein and acti-
vating the β-catenin signaling pathway [20]. 
The EIF5A mRNA expression level was a signifi-
cant prognostic factor in CRC patients [21]. The 
function and clinical significance of eIF2G in 
cancer has not been reported. We can infer 
that the abnormal expression of eIF subunits 
was an important molecular event in colon can-
cer progression.

Regulation of the activity of eIF3 by its subunits 
resulted in hypo- and hyperactivation of the 
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Table 4. Cox regression model analysis of disease-free survival (DFS) in 173 colon cancer patients

Variable
Univariate Multivariate 

HR (95% CI) P value HR (95% CI) P value
Age
    < 65 y 1
    ≥ 65 y 1.133 (0.695, 1.848) 0.616
Gender
    Male 1
    Female 1.198 (0.737, 1.948) 0.466
Location
    Right 1
    Transverse 1.082 (0.417, 2.810) 0.872
    Left 1.055 (0.640, 1.738) 0.834
T stage
    T1 1
    T2 0.463 (0.077, 2.772) 0.399
    T3 1.066 (0.248, 4.576) 0.932
    T4 2.784 (0.674, 11.490) 0.157
N stage
    N0 1 NR
    N1 2.911 (1.622, 5.223) < 0.001
    N2 10.685 (5.699, 20.034) < 0.001
M stage
    M0 1 NR
    M1 9.400 (4.489, 19.683) < 0.001
AJCC stage
    I 1 1
    II 1.726 (0.503, 5.924) 0.386 1.435 (0.416, 4.944) 0.567
    III 6.017 (1.857, 19.495) 0.003 4.092 (1.250, 13.395) 0.020
    IV 31.329 (8.245, 119.048) < 0.001 11.759 (2.535, 54.556) 0.002
Differentiation
    Well 1 1
    Moderate 2.133 (1.221, 3.728) 0.008 1.347 (0.749, 2.423) 0.320
    Poorly 4.967 (2.604, 9.477) < 0.001 2.259 (1.021, 4.999) 0.044
Vessel invasion
    No 1 1
    Yes 3.173 (1.508, 6.673) 0.002 0.851 (0.343, 2.108) 0.727
eIF3e 
    Negative 1 1
    Weak 4.817 (1.484, 15.631) 0.009 3.581 (1.079, 11.884) 0.037
    Strong 19.343 (5.842, 64.047) < 0.001 10.281 (2.959, 35.728) < 0.001
HR, Hazard ratio; CI, confidence interval; NR, variable was not include in the resultant model; P < 0.05 indicated that the 95% 
CI of HR was not including 1.

rate of the protein synthesis. A suitable level of 
translation initiation is necessary to regulate 
proliferation and cell cycle and contributes 
importantly to oncogenic transformation [22]. 
Tumorigenesis in diverse tissue types is often 

associated with alterations in the expression of 
various eIF3 subunits [23]. The expression and 
function of eIF3e, an up-regulated gene in our 
expression profiling database, is not yet charac-
terized in colon carcinoma [13]. In the present 
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Table 5. Cox regression model analysis of overall survival (OS) in 173 colon cancer patients

Variable
Univariate Multivariate 

HR (95% CI) P value HR (95% CI) P value
Age
    < 65 y 1
    ≥ 65 y 1.212 (0.732, 2.006) 0.455
Gender
    Male 1
    Female 1.316 (0.794, 2.179) 0.287
Location
    Right 1
    Transverse 1.076 (0.413, 2.805) 0.881
    Left 1.011 (0.606, 1.687) 0.967
T stage
    T1 1
    T2 0.262 (0.037, 1.868) 0.181
    T3 0.761 (0.174, 3.334) 0.717
    T4 2.512 (0.609, 10.362) 0.203
N stage
    N0 1 NR
    N1 4.447 (2.278, 8.684) < 0.001
    N2 16.131 (8.069, 32.245) < 0.001
M stage
    M0 1 NR
    M1 13.222 (7.068, 24.734) < 0.001
AJCC stage
    I 1 1
    II 1.548 (0.334, 7.176) 0.576 1.133 (0.243, 5.276) 0.874
    III 8.786 (2.113, 36.530) 0.003 5.183 (1.232, 21.803) 0.025
    IV 57.871 (12.843, 260.767) < 0.001 15.843 (3.033, 82.751) 0.001
Differentiation
    Well 1 1
    Moderate 2.140 (1.153-3.975) 0.016 1.174 (0.613, 2.247) 0.628
    Poorly 7.853 (4.142-14.889) < 0.001 2.928 (1.331, 6.441) 0.008
Vessel invasion
    No 1 1
    Yes 3.926 (1.989, 7.752) < 0.001 0.801 (0.359, 1.784) 0.587
eIF3e 
    Negative 1 1
    Weak 6.979 (1.647, 29.573) 0.008 4.940 (1.141, 21.379) 0.033
    Strong 40.933 (9.437, 177.537) < 0.001 17.027 (3.744, 77.424) < 0.001
HR, Hazard ratio; CI, confidence interval; NR, variable was not include in the resultant model; P < 0.05 indicated that the 95% 
CI of HR was not including 1.

study, the elevated expression of elF3e at pro-
tein level in colon adenocarcinoma tissues was 
validated by immunohistochemistry staining. 
The overexpression of eIF3e protein was signifi-
cantly associated with worse overall survival 
time and disease free survival time of colon 

cancer patients. Knockdown of eIF3e inhibits 
proliferation and promotes apoptosis in colon 
cancer cells. To our knowledge, this is the first 
study showed that eIF3e might be a colon can-
cer-related gene and its value as a potential 
novel prognostic marker of the disease.
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Figure 4. Downregulation of eIF3e inhibits the proliferation of HCT116 cells. A. Cellomics demonstrates the cell 
growth in Scr-shRNA and eIF3e-shRNA cells. B. Proliferation volume of HCT116 cells in eIF3e-shRNA cells is reduced 
with the Scr-shRNA cells. C. Proliferation fold change of HCT116 cells in eIF3e-shRNA group is decreased with the 
Scr-shRNA group.

Figure 5. Downregulation of eIF3e 
inhibits clonality of HCT116. A and 
B. Plate colony formation assay re-
veals the weakness of clonality in 
eIF3e-shRNA HCT116 cells. C. Sig-
nificant differences of clone num-
ber between control and eIF3e-
shRNA cells (P < 0.01), Scr-shRNA 
and eIF3e-shRNA cells (P < 0.01).
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As a component of the eIF3 translation initia-
tion factor, the pattern of protein synthesis 
changes mediated by eIF3e abnormal expres-
sion should be clarified in carcinogenesis. 
Recently, a microarray analysis revealed that 
mRNAs regulated either positively or negatively 
by eIF3e in human breast cancer cells were 
markedly enriched in genes associated with 
cell proliferation, invasion and apoptosis. In 
addition, RT–PCR analysis of RNA immunopre-
cipitated using an eIF3b-specific anti-body 
showed that apoptotic regulator BCLXL mRNA 
was decreased and the mitotic checkpoint 
component MAD2L1 mRNA enriched following 
eIF3e knockdown in MDA-MB-231 cells. Finally, 
eIF3e-depleted breast carcinoma cells showed 
reduced in vitro invasion and proliferation. 
These data suggest that eIF3e has an oncogen-
ic role in breast cancer progression [24]. The 
target genes regulated by eIF3e in colon cancer 
cells should be screened and validated in fur-
ther study.

The potential mechanisms of eIF3e in tumori-
genesis were explored in some studies. EIF3e 
was identified as a tissue-specific modulator of 
MEK-ERK signaling through genetic and chemi-
cal-genetic approaches [25]. The MEK protein 
levels reduced in the eIF3e-siRNA transfected 
cells. MEK, a dual specificity kinase, is a key 
player in this pathway; it is downstream of both 

Ras and Raf and activates ERK1/2 through 
phosphorylation of key tyrosine and threonine 
residues [26]. Aberrant regulation of the MEK-
ERK pathway can contribute to uncontrolled 
cell growth and lead to malignant transforma-
tion [27]. The small-molecule targeting the 
MEK-ERK pathway was potential method for 
the treatment of cancer [28]. A study showed 
that eIF3e suppression affects cell prolifera-
tion, cell cycle and apoptosis of various 
Glioblastomas (GBM) cells. These phenotypes 
are independent of global cell translation inhi-
bition and are accompanied by decreased HIF 
expression when eIF3e is silenced [17]. Further 
study should been made to clarify the precise 
role of eIF3e in colon cancer progression.

In conclusion, this study reveals the clinical sig-
nificance of eIF3e expression in colon cancer 
patients for the first time. Our data suggests 
that eIF3e is an independent prognostic factor 
in colon cancer patients influencing DFS and 
OS. Experiments in vitro indicate that eIF3e 
promotes colon cancer cell proliferation, colony 
formation, and inhibits apoptosis, which can 
partially explain the mechanism of eIF3e to pro-
mote tumor progression and predict poor prog-
nosis. These results may provide important 
diagnostic and therapeutic value of eIF3e in 
colon cancer patients in the future.

Figure 6. Downregulation of eIF3e gene promotes apoptosis of HCT116. A and B. Scatter diagram and Peak diagram 
shows the significant differences of apoptosis percentage between Scr-shRNA and eIF3e-shRNA cells. 
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