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Abstract

Objective

EIF4EBP1 acts as a crucial effector in mTOR signaling pathway. Studies have suggested
that EIF4EBP1 plays a critical role in carcinogenesis. However, the clinical significance and
biological role of EIFAEBP1 in hepatocellular carcinoma (HCC) have not been elucidated.
Therefore, we aimed to investigate the clinical significance of EIF4EBP1 in HCC.

Methods

Total 128 cases of HCCs were included in this study. EIF4AEBP1 expression in HCC tissues
was detected by qRT-PCR, Western blot and immunohistochemistry, respectively. Then
the relationships between EIF4AEBP1 expression and clinical features as well as survival
were analyzed.

Results

The expression level of EIFAEBP1 mRNA is significantly higher in 60% (24/40) of fresh HCC
tissues than that in the matched adjacent nontumor liver (NCL) tissues (P = 0.044). Similarly,
EIF4EBP1 protein is notably upregulated in 8 HCC tissues (randomly selected from the 40
HCCs) measured by Western blot and is significantly increased in another 88 paraffin-
embedded HCCs (53%, 47/88) by immunohistochemistry compared with the matched NCLs
(P < 0.001). EIFAEBP1 protein expression in HCC tissues is significantly correlated with
serum AFP (P = 0.003) and marginally significantly associated with pathological grade

(P =0.085), tumor number (P = 0.084), tumor embolus (P = 0.084) and capsulation

(P =0.073). Patients with higher EIF4AEBP1 protein expression have a much worse 5-year
overall survival (40.3% vs 73.6%) and 5-year disease-free survival (33.0% vs 49.0%) than
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those with low expression. Furthermore, Cox regression analysis shows that EIF4EBP1
protein is an independent prognostic factor for overall survival (HR, 2.285; 95% Cl,
1.154-4.527; P = 0.018) and disease-free survival (HR, 1.901; 95% CI, 1.067-3.386;

P =0.029) in HCC patients.

Conclusions

Our results demonstrate for the first time that EIFAEBP1 mRNA and protein are markedly
up-regulated in HCC tissues, and the protein overexpression is significantly associated with
poor survival and progression, which provide a potential new prognostic marker and thera-
peutic target for HCC patients.

Introduction

Hepatocellular carcinoma (HCC) is one of the most prevalent malignant tumors, ranking as
the third leading cause of cancer mortality worldwide [1]. An estimated 748,300 new liver can-
cer cases and 695,900 cancer deaths occurred worldwide in 2008 [2],and half of these cases and
deaths took place in China. One of the reasons for the high mortality is that most patients are
asymptomatic until the cancer is so advanced that the tumor cannot be treated with radical
hepatectomy. Another reason is that traditional chemotherapy and radiotherapy are not effec-
tive for HCC. Because most of HCC patients are already in advanced stages at the time of diag-
nosis due to lack of sensitive and specific biomarkers in the clinic, together with high
incidences of metastasis and recurrence, the prognosis of HCC is very poor. Therefore, there is
an urgent need to identify new and effective molecular markers for early diagnosis and progno-
sis prediction and to find new molecular therapeutic targets for HCC patients.

In the past decades, many genes and cellular signaling pathways have been found to be im-
plicated in the development and progression of HCC, including activation of mTOR (mamma-
lian target of rapamycin) signaling pathway [3-5]. mTOR pathway has been shown to promote
tumorigenesis via a coordinated phosphorylation of proteins important for cell growth, surviv-
al and metabolism, including EIF4EBP1 protein that regulates translation of mRNAs involved
in oncogenic processes [6,7].

EIF4EBP1 (also known as 4EBP1) gene encodes a translation repressor protein that compet-
itively binds to eukaryotic translation initiation factor 4E (EIF4E) to inhibit EIF4E complex as-
sembly and thus the cap-dependent translation [8,9]. This protein is a major substrate of
mTOR and acts as a crucial effector in mTOR signaling pathway. When mTORCI is inhibited,
hypophosphorylated EIF4EBP1 binds to and sequesters EIF4E [10]. In response to activated
mTOR signaling pathway, EIF4EBP1 protein is phosphorylated, resulting in its dissociation
from EIF4E and consequent initiation of mRNA translation, which promoters cell growth and
proliferation [11].

Studies show that both EIF4EBP1 and EIF4E are involved in cancer development and pro-
gression. Up-regulated EIF4E plays an oncogenic role in carcinogenesis [12]. In contrast to
EIF4E, EIF3A has been reported to be upregulated in various cancers but plays different roles
in carcinogenesis: acts as tumor suppressor in squamous cell carcinomas and is correlated with
better survival [13-15], and acts as tumor promoter in other epithelial carcinomas [16,17]. Al-
together, of the 30 eukaryotic translation initiation factors (EIFs), some function as oncogene
while some as tumor suppressor [18].
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Similarly, EIF4EBP]I, as the repressor of EIF4E, also may act as tumor promoter or tumor
inhibitor. In general, phosphorylated EIF4EBP1 is considered as an indicator of oncogenic ac-
tivity in tumor and associated with poor survival of cancer patients [19-22], while unpho-
sphorylated EIF4EBP1 functions as a tumor suppressor [23-25]. However, the genomic locus
for encoding ETF4EBP1 is amplificated, which results in overexpression of its corresponding
mRNA in breast cancer, and the overexpressed mRNA is associated with poor prognosis of the
patients [26]. Subsequently, total EIF4EBP1 protein was also reported to correlate with worse
survival of cancer patients [22]. Therefore, EIF4EBP1 protein may not only act as a tumor sup-
pressor but also as an oncogene. However, although many studies on EIFAEBP1 were con-
ducted in human hepatoma cell lines [27-30], EIF4EBP1 expression level in human HCC
tissues and its clinical significance have not been reported. In this study, we studied the expres-
sion of EIF4EBP1 mRNA and protein in HCC samples and evaluated its relationship with clin-
ical features and prognosis of HCC patients.

Materials and Methods
Patients and tissue samples

All of the HCC patients underwent curative hepatectomy between June, 2004 and December,
2007, in Sun Yat-Sen University Cancer Center. Written informed consent was obtained from
all of the patients before undergoing hepatectomy, in which patients agreed to use their
medical record data and tissue samples for the research. Forty fresh paired tumors and
adjacent noncancerous liver (NCL) tissues not less than 2 cm away from the HCC were imme-
diately frozen in liquid nitrogen and stored at -80°C after resection. Another 88 archival
formalin-fixed paraffin-embedded (FFPE) HCC tissues were obtained from the Department
of Pathology of this cancer center. All of HCC samples were confirmed pathologically. The

88 patients also signed the written consent form when they underwent surgery. The patients
didn’t receive any treatment before surgery, including chemotherapy and radiotherapy.

Of the 88 HCC patients, 71 were men (80.68%) and 17 were women (19.32%), with a

median age of 46 years (ranged from 13 to 72 years). The follow-up time ranged from 2 to

106 months with a median of 45.3 months. The characteristics of the 88 patients are listed in
Table 1 and S1 Table in Supporting Information. This study was reviewed and approved by
the Ethical Committee of Sun Yat-Sen University Cancer Center (Approval Number:
GZR2013-077).

RNA extraction and quantitative real-time PCR

Total RNA was extracted from frozen fresh tissues using TRIzol reagent (Invitrogen) according
to the manufacturer’s instruction. Then 2 ug of total RNA were used for producing cDNA
using M-MLV reverse transcriptase following the protocol provided by the manufacture
(Promega, USA). Real-time PCR was performed in triplicate for each sample using an Applied
Biosystems PRISM 7900HT system (Foster City, CA, USA) with a 15 pl reaction volume con-
taining 0.5 pl cDNA, 7.5 pl of SYBR Green master mix (Invitrogen, USA) and 200 nM of each
forward primer and reverse primer. GAPDH was detected by RT-PCR as an internal control.
Primer sequences for EIF4AEBP1 and GAPDH were as follows: EIFAEBP1, forward:
CCCGCTTATCTTCTGGGCTA and reverse: CTATGACCGGAAATTCCTGATGG;
GAPDH, forward: CTCCTCCTGTTCGACAGTCAGC and reverse: CCCA ATACGAC
CAAATCCGTT. The real-time PCR cycle was as follows: 95°C for 10 minutes, 40 cycles of
95°C for 30 s and 60°C for 60 s, and a dissociation stage.
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Western blot

Of the 40 paired HCC samples, randomly selected 8 HCCs and matched NCL tissues were ho-
mogenized in a RIPA lysis buffer. After centrifugation at 12,000 rpm and 4°C for 20 minutes,

approximate 40 pg of protein were run on a 12% SDS-PAGE gel and transferred to

Table 1. Correlations between EIFAEBP1 expression and clinicopathological features in patients

with HCC.
Parameter 4EBP1expression P value
Low N (%) High N (%)
Age 0.783
> 50y 16 (39.0) 17 (36.2)
< 50y 25 (61.0) 30 (63.8)
Gender 0.26
Female 10 (24.4) 7 (14.9)
Male 31 (75.6) 40 (85.1)
Serum HBsAg ? 0.242
Positive 33 (80.5) 42 (89.4)
Negative 8(19.5) 5(10.6)
Serum AFP P 0.003
Positive 22 (53.7) 39 (83.0)
Negative 19 (46.3) 8(17.0)
Liver Cirrhosis 0.695
Yes 29 (70.7) 35 (74.5)
No 12 (29.3) 12 (25.5)
Pathological Grade 0.085
1—II 25 (61.0) 20 (42.6)
H—IV 16 (39.0) 27 (57.4)
Tumor size (cm) 0.521
=5 11 (36.7) 30 (51.7)
<5 19 (63.3) 28 (48.3)
Tumor number 0.084
Single 33 (80.5) 30 (63.8)
Multiple 8(19.5) 17 (36.2)
Tumor embolus 0.084
Yes 8(19.5) 17 (36.2)
No 33 (80.5) 30 (63.8)
Tumor capsule 0.073
Yes 36 (87.8) 34 (72.3)
No 5(12.2) 13 (27.7)
Postoperative Metastasis 0.467
Yes 4 (9.8) 7 (14.9)
No 37 (90.2) 40 (85.1)
Recurrence 0.373
Yes 12 (29.3) 18 (38.3)
No 29 (70.7) 29 (61.7)
@ HBsAg, hepatitis B surface antigen.
b AFP, a-fetoprotein.
doi:10.1371/journal.pone.0117493.t001
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polyvinylidene difluoride membrane (PVDF, Millipore). After blocking non-specific binding
sites for 60 minutes with 5% non-fat milk, membranes were incubated with rabbit monoclonal
antibody against EIF4AEBP1 (1:1000; Cell signaling Technology), and GAPDH (1:1000; Sigma-
Aldrich) at 4°C over night, respectively. Then membranes were washed three times with

TBST for 15 minutes each time and incubated with HRP-conjugated anti-rabbit secondary an-
tibody (1:1000; Santa Cruz) for 45 minutes at room temperature. The membrane was devel-
oped by an enhanced chemiluminescence system (ECL; cell signaling) after washed three times
with TBST. The intensity of the protein bands was determined by using Image ] software
(http://rsb.info.nih.gov/).

Immunohistochemical analysis

All formalin-fixed paraffin-embedded HCC specimens were sectioned (4 pm) and baked at
65°C for 2 hours, and then deparaffinized with xylene and rehydrated in decreasing concentra-
tions of alcohol. For antigen retrieval, the sections were boiled in EDTA solution (1 mmol/L,
pH 8.0) for 20 minutes in a microwave oven and then cooled to room temperature. The endog-
enous peroxidase was inactivated with 0.3% hydrogen peroxide for 10 minutes. After being
rinsed three times in phosphate buffer saline (PBS), the sections were incubated with anti-
EIF4EBP1 antibody (Cell signaling Technology) diluted in a working solution (1:100) at 4°C
overnight, and then incubated with horseradish peroxidase-conjugated secondary antibody
(Envision Detection Kit, GK500705, Gene Tech) at 37°C for 30 minutes. Finally, the visualiza-
tion signal was developed with 3, 3’-diaminobenzidine tetrahydrochloeide (DAB) and then all
of the slides were counterstained with hematoxylin, dehydrated in increasing concentrations of
alcohol and cover-slipped with neutral permount. As a negative control, the primary antibody
was replaced by PBS under the same experimental conditions.

The expression levels of EIFAEBP1 protein in samples were quantified with semi-quantita-
tive immunostaining score (ISS) method. Two pathologists blinded to the clinical data scored
the EIF4EBP1 staining independently. The intensity of immunostaining was defined as 0-3
(0, negative; 1, weak; 2, moderate; 3, strong), and the percentage of positive immunostaining
was scored as 0 to 100%. The ISS is calculated for each sample by the multiplication of the in-
tensity score by the percentage score, which results in an ISS between 0 (no staining) and 300
(maximum staining). Based on the ISS, patients were divided into high- and low-expression
groups by the median score.

Statistical analysis

To compare the relative expression levels of EIF4EBP1, the 22" was used to represent the rel-
ative expression level of mRNA in each sample normalized by GAPDH. Paired Student’s t test
was performed to analyze the difference of mRNA expression levels between HCC and NCL
tissues. If the data did not meet the normal distribution, Mann-Whitney U test would be used.
The quantitative values of qRT-PCR were expressed as mean + SD.

The y” test or Fisher’s exact test and Mann-Whitney U test were used to analyze the correla-
tions between EIF4EBP1 protein expression level and clinicopathological features. We used the
Kaplan Meier method and the log-rank test to estimate overall survival (OS) and disease-free
survival (DFS). The prognostic significance of each clinicopathologic characteristic was deter-
mined using univariate Cox regression analysis. Parameters that were significantly related to
survival rate in the univariate analysis were entered into the multivariate analysis. We did a
multivariate Cox regression analysis using a backward stepwise approach to test if EIF4EBP1
was an independent prognostic factor of OS and DFS. The significance was defined as P value
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less than 0.05. All statistical analyses were performed using SPSS16.0 (SPSS Inc, Chicago, IL)
and/or Graph Pad Prism 5 software (www.graphpad.com).

Results
EIFAEBP1 mRNA level is up-regulated in HCC

The EIF4EBP1 mRNA level was reported to be up-regulated in some cancer types. However,
the mRNA level in HCC has not been explored. To investigate the expression level of
EIF4EBP1 mRNA in patients with HCC, we carried out the qRT-PCR assay in 40 paired HCC
and NCL tissues. The result demonstrate higher expression of EIF4EBP1 mRNA in 60%
(24/40) of HCC tissues compared with NCL tissues, and this increase is statistically significant
(P =0.044,Fig. 1A). This result is consistent with previously reported results in other cancers
[22,26].

The EIF4EBP1 protein is overexpression in HCC tissues

In general, higher mRNA level will lead to higher level of its encoded protein. To confirm
the protein level, Western blot analysis was employed to detect the expression of
EIF4EBP1 protein in 8 paired HCC and noncancerous liver tissues. As expected, the result
also shows a high expression level of EIF4EBP1 protein in HCC tissues compared

with the paired noncancerous liver tissues (Fig. 1B), which is consistent with the result of
qRT-PCR.

To explore the clinical significance of overexpressed EIF4AEBP1 protein in HCC patients, an-
other 88 archival formalin-fixed paraffin-embedded HCC samples were detected by immuno-
histochemical staining. The result shows that 53% (47/88) of HCCs exhibit high expression of
EIF4EBP1 compared with the matched NCLs (Fig. 1C, and S1 Table in Supporting Informa-
tion) and that EIF4EBP1 expression level in HCC is significantly higher than that in NCL
(Fig. 1D), which is similar to the percentage of high EIF4EBP1 mRNA expression in 40 HCCs,
confirming EIF4EBP1 overexpression in HCC. EIF4EBP1 staining signal is mainly present in
the cytoplasm (Fig. 2) and also in the nuclei of HCC cells (Fig. 2D, 2I). We observed prominent
contrast of positive staining in tumor areas and negative staining in the adjacent non-tumor
tissues (Fig. 2A, 2F). In addition, in a number of HCC samples, well-differentiated HCCs pres-
ent or weak positive staining (Fig. 2C, 2H), moderately differentiated ones display medium
positive staining (Fig. 2D, 2I), and poorly differentiated ones show highly positive staining for
EIF4EBP1 (Fig. 2E, 2]). Overall, EIF4EBP1 protein is significantly up-regulated in HCC tissues
compared with the paired NCL tissues (P < 0.001, Fig. 1B).

EIF4EBP1 protein overexpression is associated with disease
progression of HCC patients

To understand the clinical significance of EIF4AEBP1 expression in HCC, patients first were di-
vided into a high- or low-expression group based on their immunostaining scores of HCC tis-
sue with the median staining score (210) as the cutoff. The relationship between the protein
level and the clinicopathologic parameters was analyzed. Table 1 shows the correlations be-
tween EIF4EBP1 and clinicopathologic features. High EIFAEBP1 expression is significantly as-
sociated with serum AFP positive (P = 0.003), and marginally significantly associated with
pathological grade (P = 0.085), tumor number (P = 0.084), tumor embolus (P = 0.084) and cap-
sulation (P = 0.073), suggesting that EIF4EBP1 is involved in HCC progression.
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Fig 1. The expression levels of both EIF4AEBP1 mRNA and protein in HCCs are significantly higher than in the matched adjacent NCLs. (A) The
relative EIF4AEBP1 mRNA level was examined by RT-PCR. Shown is the relative expression level of EIF4EBP1 mRNA in HCC tissues compared with the
matched NCLs (meanzSD; n = 40, Paired t test, P = 0.042); (B) EIF4EBP1 protein expression levels in 8 HCC tissues and the matched NCLs were detected
by Western blot (representative image for 4 pairs of HCC samples), and lower panel shows the relative expression levels of EIF4AEBP1 protein. (C) The
relative expression level in each HCC tissue by immunohistochemistry is compared with that in its corresponding NCL tissue; (D) Relative expression level of
EIF4EBP1 protein in 88 HCC tissues and the matched adjacent NCL tissues as measured by immunohistochemistry. (Y axis indicates the immunostaining
score).

doi:10.1371/journal.pone.0117493.9001

EIF4AEBP1 protein is an independent predictor for survival in HCC
patients

To evaluate the prognostic value of EIF4EBP1 protein in HCC patients, survival curves were
evaluated by Kaplan-Meier method and compared by the log-rank test. Patients with high ex-
pression of EIF4EBP1 have a significantly poorer 5-year overall survival (40.3% vs 73.6%,

Fig. 3A) and 5-year disease-free survival (33.0% vs 49.0%, Fig. 3B) than those with low expres-
sion. Univariate analysis was carried out using Cox proportional hazard model to evaluate the
impact of EIF4EBP1 expression and clinicopathological features on OS and DFS in HCC
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Fig 2. Imnmunohistochemical staining of EIF4EBP1 protein in HCC and NCL. Eighty-eight archival formalin-fixed paraffin-embedded paired HCC samples
were analyzed by immunohistochemistry with EIF4EBP1-specific antibody. Shown are representative results. The lower panel shows magnified images of the
upper panel. (A) and (F): Immunostaining of HCC tumor area and the adjacent non-tumor area. (B) and (G): Noncancerous liver tissue was scored as no
staining for EIFAEBP1 (Score 0). (C) and (H): Well-differentiated HCC was scored as weak staining for EIF4EBP1 (Score 1). (D) and (l): Moderately
differentiated HCC was scored as moderate staining for EIFAEBP1 (Score 2). (E) and (J): Poorly differentiated HCC was scored as strong staining for
EIF4EBP1 (Score 3). Note: N: Noncancerous liver tissue; T: Tumor tissue; A—E with x200 magnification; F—J with x400 magnification.

doi:10.1371/journal.pone.0117493.g002

patients. The results indicate that EIFAEBP1 expression, pathology grade, tumor number, en-
capsulation,embolus and recurrence are significantly associated with OS and DFS (Table 2).
Multivariate Cox regression analysis demonstrate that EIFAEBP1 expression is an independent
predictor of OS (HR, 2.285; 95% CI, 1.154-4.527; P = 0.018,Table 2) and DFS (HR, 1.901; 95%
CIL, 1.067-3.386; P = 0.029,Table 2), and other independent predictors for survival included
tumor number, embolus and recurrence.
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Fig 3. Kaplan—-Meier survival curves of overall survival and disease-free survival in HCC patients with high- and low-expression of EIF4EBP1
protein. HCC patients with high expression of EIF4AEBP1 have significantly lower overall survival rate (A) (log-rank, P = 0.0013) and disease-free survival
rate (B) (log-rank, P = 0.0156) than those with low expression of EIF4EBP1.

doi:10.1371/journal.pone.0117493.g003
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Table 2. Univariate and multivariate analysis of overall survival in patients with HCC.

Variables Univariate analysis Multivariate analysis
HR 95% Cl P Value HR 95% Cl P Value

OVERALL SURVIVAL
4EBP1 Expression 2.797 1.456-5.372 0.002 2.285 1.154-4.527 0.018
Age (>50y vs <50y) 0.978 0.531-1.803 0.943
Gender (Male vs Female) 0.909 0.421-1.963 0.808
Serum HBsAg (positive vs negative) 0.756 0.336-1.703 0.500
Serum AFP (positive vs negative) 1.905 0.937-3.872 0.075
Cirrhosis (yes vs no) 1.067 0.548-2.078 0.849
Pathology Grade (I—II vs lll—IV) 2.004 1.086-3.697 0.026
Tumor Size (> 5 cmvs 5 cm) 1.823 0.993-3.348 0.053
Tumor Number (single vs multiple) 4.130 2.235-7.629 <0.001 3.613 1.916-6.812 <0.001
Tumor Embolus (yes vs no) 2.850 1.546-5.252 0.001
Tumor Encapsulation (yes vs no) 0.373 0.193-0.724 0.004 0.445 0.224-0.884 0.021
Postoperative Metastasis (yes vs no) 1.485 0.660-3.343 0.340
Postoperative Recurrence (yes vs no) 2.277 1.246-4.162 0.007 2.294 1.237-4.252 0.008
DISEASE-FREE SURVIVAL
4EBP1 Expression 1.960 1.123-3.418 0.018 1.901 1.067-3.386 0.029
Age (>50y vs <50y) 1.011 0.583-1.755 0.968
Gender (M vs F) 0.861 0.431-1.720 0.672
Serum HBsAg (positive vs negative) 1.068 0.481-2.367 0.872
Serum AFP (positive vs negative) 2.176 1.142-4.148 0.018
Cirrhosis (yes vs no) 1.225 0.665-2.258 0.514
Pathology Grade (I—II vs IlI—IV) 1.275 0.743-2.188 0.377
Tumor Size (> 5cmvs < 5 cm) 2.342 1.139-4.814 0.021
Tumor Number (single vs multiple) 3.015 1.738-5.231 <0.001 4.687 2.566-8.561 <0.001
Tumor Embolus (yes vs no) 2.755 1.579-4.806 <0.001 1.959 1.112-3.451 0.020
Tumor Capsule (yes vs no) 0.503 0.271-0.934 0.029
Postoperative Metastasis (yes vs no) 1.571 0.740-3.336 0.24
Postoperative Recurrence (yes vs no) 6.948 3.866—-12.486 <0.001 9.555 5.109-17.871 <0.001
doi:10.1371/journal.pone.0117493.t002

Discussion

Up till now, the clinical significance of EIF4EBP1 expression in human HCC has not been
studied. Therefore, we hypothesized that EIF4EBP1 plays an important role in development
and progression of HCC. To test the hypothesis, we examined the expression of EIF4EBP1 at
mRNA and protein levels in the paired HCC and NCL samples using qRT-PCR, Western blot
and immunohistochemistry and then evaluated the clinical significance of its protein expres-
sion. As expected, EIF4EBP1 mRNA and protein are up-regulated in most of HCC cancer tis-
sues compared with their corresponding NCL tissues. In immunohistochemical analysis,
EIF4EBP1 protein is not only present in cytoplasm but also in the nucleus, which was in line
with a previous report by Grzmil et al [31]. EIF4EBP1 protein located in the nucleus other than
cytoplasm indicates that EIF4AEBP1 protein may be regulated by subcellular localization or has
functions in addition to repression of eIF4E during carcinogenesis. Furthermore, overexpres-
sion of EIF4EBP1 protein in HCC is significantly or marginally significantly associated with
important clinical features. The relatively small sample size limits the significance for the rela-
tionship of EIF4EBP1 expression with certain important clinical features, such as pathological
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grade, tumor number and embolus. If the sample size is large enough, EIF4EBP1 expression
may prove to be significantly associated with these clinical features. Together, our data suggest
that EIF4EBP1 protein may play a key role during the development and progression of HCC.
More importantly, Kaplan-Meier survival analysis reveals that the high EIF4AEBP1 protein ex-
pression is significantly correlated to a poor prognosis of HCC patients after surgical resection.
Multivariate Cox analysis demonstrates that EIF4EBP1 protein is an independent prognostic
factor for OS and DFS. Consistent with our observations, EIF4EBP1 mRNA is up-regulated in
61.8% HCCs (see the Dataset GSE4108 in NCBI Gene Expression Ominibus [www.ncbinlm.
nih.gov/geo/query/acc.cgi?acc=GSE4108]). Altogether, our findings suggest that EIF4EBP1
functions as an oncogene in HCC and may serve as a potential new molecular marker for pre-
dicting the prognosis in HCC patients after surgical resection.

EIF4EBP1 is commonly regarded as a tumor suppressor because of its role in repressing
translational initiation of mRNAs associated with oncogenic transformation [23]. As men-
tioned above, however, Karlsson and his colleagues demonstrated that EIF4AEBP1 mRNA and
total protein were associated with progression and poor prognosis in breast cancer [22, 26],
which is in agreement with our results in this study. The evidence provided by our study and
others indicates that EIF4EBP1 potentially functions as an oncogene in some cancer types.
There may be two reasons for non-phosphorylated EIF4EBP1 protein functioned as an onco-
gene in our study. One is that non-phosphorylated EIF4EBP1 protein is localized in nucleus,
which plays a different role than that in cytoplasm; the other one is that more non-
phosphorylated EIF4EBP1 protein may result in more phosphorylated EIF4EBP1 because total
EIF4BP1 protein level is positively correlated with phosphorylated EIFAEBP1 protein level
[22]. We also detected both EIF4EBP1 and phosphorylated EIF4EBP1 in 26 of 88 HCC samples
by immunohistochemistry (data not show here), and the results show that EIF4EBP1 level also
is positively correlated with phosphorylated EIF4EBP1 level (r = 0.498, P = 0.01). On the basis
of the oncogenic role of EIF4EBP1 in HCC development and progression, it is possible to target
both EIF4EBP1 and phosphorylated EIF4EBP1 proteins for HCC patients with
EIF4EBP1 overexpression.

In conclusion, this study demonstrates for the first time that EIF4EBP1 expression is up-
regulated in HCC tissues at both mRNA and protein levels, and high expression of
EIF4EBP1 protein indicates poor prognosis of HCC patients. Our findings suggest that
EIF4EBP1 is a novel prognostic biomarker for HCC and may serve as a potential therapeutic
target for HCC.
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S1 Table. Immunostaining score and clinical features of 88 HCC cases.
(DOCX)
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