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Abstract: Cap dependent translation is mainly regulated at the level of the eukaryotic initiation factor 4E (eIF4E), 
the activity of which is controlled by phosphorylation and sequestration by its well established regulator, 4E bind-
ing protein 1 (4E-BP1). Both eIF4E and 4E-BP1 have been shown to be involved in the malignant progression of 
multiple human cancers, including colorectal cancer. However, the data on determining the expression of eIF4E, 4E-
BP1 and their phosphorylated forms simultaneously in a single patient with colorectal cancer is lacking. Therefore 
the aim of our study was to explore the roles of these factors in colorectal carcinogenesis by immunohistostaining 
colorectal tissues (normal, low grade adenoma, high grade adenoma, and adenocarcinoma). Our results showed 
that the expression levels of eIF4E increased steadily as the cancer progressed from the case of benign dysplasia 
to an adenocarcinoma; all the while maintaining an unphosphorylated form. On the other hand, total expression 
levels of 4E-BP1 increased only in the premalignant state of the disease and decreased (but highly phosphorylated 
or inactivated) or abolished upon malignancy. Taken together, our findings suggest that strong correlations exist 
between the expression of eIF4E (not p-eIF4E) and tumor grade providing evidence that eIF4E expression plays a 
pivotal role in the malignant progression of colorectal cancer. Moreover, 4E-BP1 showed a bi-phasic level of expres-
sion during carcinogenesis, which is expressed only in hyperplasic or dysplastic tissues as an endogenous tumor 
suppressor molecule.
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Introduction

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer in the world in terms 
of both incidence and frequency and it is the 
third most common cause of cancer related 
deaths in USA [1]. CRC starts out as an adeno-
matous polyp in the internal lining of the wall of 
the large intestine which progresses through 
intermediate stages of dysplasia (low and high 
grade) to an invasive adenocarinoma. As long 
as the neoplastic growth is confined to the wall 
of the large bowel it is curable and can be 
removed by surgical excision. The progression 
to malignancy requires years to manifest, thus 
proper screening could allow for early detection 
and removal of the polyp before it becomes 
incurable. Nevertheless diagnosis most com-

monly occurs in the later stages of the disease 
thereby decreasing the survival rate. As such, it 
is mandatory that we unravel new factors 
involved in the initiation and progression of CRC 
which have diagnostic or prognostic potential.

Proteins catalyze most of the reactions on 
which life depends. The final pathway that leads 
to the expression of proteins is translation. 
Translation is a multistep, multifactorial pro-
cess consisting of 3 major parts, initiation, 
elongation and termination. It requires the exer-
tion of regulation at many levels, especially at 
the level of initiation which is, until recently, 
considered as the rate limiting step [2]. There 
isn’t one single standard mechanism for the ini-
tiation of translation of all cellular mRNAs; how-
ever since almost all nucleus-transcribed mRNA 
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have a 5’ terminal m7G [5’] ppp [5’] N cap and a 
50 to 300 nucleotide long 3’poly (A) tail, cap-
dependent translation is the most common 
mechanism of initiation. The presence of sec-
ondary structures in the 5’ UTR (5’ untranslated 
region) will decrease the initiation efficiency 
and require an additional complex for proper 
initiation (eukaryotic initiation factor 4F). eIF4F 
is a trimeric complex composed of the eukary-
otic initiation factors 4A, an ATP dependant 
RNA helicase which is required for the unwind-
ing of the secondary structures; 4G, a scaffold-
ing molecule and 4E, the 5’ cap mRNA binding 
protein. Since eIF4E is the least abundant com-
ponent of this complex, its recruitment serves 
as the rate limiting step in the initiation of cap 
dependent translation. In fact changes in the 
levels of eIF4E profoundly affect translation 
rates where eIF4E hyperactivity preferentially 
enhances the selective synthesis of potent 
growth promoting and oncogenic proteins in 
which the translation is presumably repressed 
without affecting global protein synthesis rates 
[3]. In this way it seems to affect cancer rele-
vant processes such as apoptosis, transforma-
tion, angiogenesis, invasion and metastasis [4]. 
There has been both in vitro and in vivo evi-
dence supporting this oncogenic potential of 
eIF4E hyperactivity where the overexpression 
of eIF4E in mammalian cells (including fibro-
blasts and epithelial cells) induces their malig-
nant transformation [5]. Not only that but also 
in vivo ectopic eIF4E overexpression leads to 
increased cancer risk; where eIF4E transgeneic 
mice developed lymphomas, angiosarcomas, 
lung carcinomas and hepatomas [6]. 

Therefore the regulation of eIF4E is crucial and 
it is accomplished at two levels [3]. The first 
involves its phoshporylation on Ser209 by MNK 
kinase which is a downstream target of the 
RAS/RAF/MAPK signaling pathway. This phos-
phorylation is thought to enhance cap binding, 
to be involved in eIF4E’s ability to promote 
tumorigenesis, and to be dispensable for 
mouse viability [7]. The second and more pro-
lific mode of regulation is via sequestration by 
4E binding proteins (4E-BPs) 1, 2 and 3; of 
which 4E-BP1 is the most common isoform. 
This phosphoprotein is the downstream target 
of another signaling pathway, the PI3K/AKT/
mTOR pathway which leads to the hierarchal 
phosphorylation of 4E-BP1 and its consequent 
release from eIF4E allowing the initiation of 
translation. As such the hyposhosphorylated 
form of 4E-BP1 is actively suppressing cap 

dependent translation while the hyperphos-
phorylated form is activating it. Studies have 
shown that 4E-BP can be viewed as a tumor 
suppressor since at the cellular level; ectopic 
expression of 4E-BPs can partially revert eIF4E-
transformed cells to nonmalignant phenotype 
and induce apoptosis in cells transformed by 
other oncogenes such as Ras [5].

The ubiquitous expression of eIF4E or 4E-BP1 
has been linked to multiple human cancers, 
including those of the stomach, colon, breast, 
esophagus, head and neck, lung, cervix, pros-
tate, bladder, and ovary. However, to our knowl-
edge, the expression levels of eIF4E and 
4E-BP1 with their phosphorylation status has 
never been evaluated all at once in colorectal 
cancer. In this study, we immunohistochemi-
cally investigated the variation of the activity 
and expression levels of eIF4E and its inhibitor 
4E-BP1 to draw a conclusion about the correla-
tion between these factors and the genesis of 
CRC leading us to define a potential diagnostic 
marker or therapeutic target. 

Materials and methods

Cases and classification

For this study, 72 cases of colon paraffin-
embedded tissues were obtained from special-
ized medical laboratory. Histological diagnosis, 
differentiation, and stage were evaluated 
according to The World Health Organization 
Classifications [8]. Tissues consisted of 27 
well-differentiated or adenocarcinoma, 12 high 
grade adenoma or dysplasia, 20 low grade or 
hyperplasia, and 13 with normal structure of 
cells. In 10 adenocarcinoma cases, different 
differentiation stages were observed. This proj-
ect was approved by the institutional ethic 
committee.

Immunohistochemistry

Serial sections from each case were used for 
immunohistochemistry (IHC) and all samples 
were routinely processed as described previ-
ously [9]. After sections rehydration and anti-
gen retrieval using citrate buffer, samples were 
incubated with primary rabbit polyclonal anti-
bodies: eIF4E (9742), phosphor-eIf4E ser209 
(9741), 4E-BP1 (9452), phosphor-4E-BP1 ser65 
(9451) obtained from Cell signalling using 1:50 
dilution. Reactions were amplified with peroxi-
dase-conjugated goat antibodies to rabbit IgG, 
followed by peroxidase-conjugated rabbit anti-
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bodies to goat IgG and revealed by AEC 
(3-Amino-9-ethylcarbazole) substrate-chroma-
gen purchased from Dako. Sections were coun-
terstained with Mayer’s hematoxylin solution 
(Sigma-Aldrich). 

The IHC expression was evaluated by two per-
sons separately. The intensity of immunoreac-
tivity was scored using a conventional 4-tier 
system as follows: 0, no discernible staining; 
1+, moderate staining; 2+, important staining; 
and 3+, strong staining. Samples exhibiting 2+ 
or 3+ staining were considered as “positive for 
overexpression”.

Results

Expression level of eIF4E in colorectal tissue

To study the role of eIF4E in colorectal carcino-
genesis the presence and pattern of total pro-
tein expression level of eIF4E was first deter-
mined in a patient colonic tissue presenting the 
different stage of carcinogenesis from normal 
to adenocarcinoma. The results from the immu-
nohistochemical staining showed that eIF4E 
was barely detectable in the normal colonic epi-
thelial cells (Figure 1A). Next, the examination 
of the graded colorectal adenomatous showed 

a significant increase in the level of expression 
of this translation initiation factor (Figure 1B, 
1C). This increase was slightly higher in the tis-
sue with a higher degree of dysplasia (Figure 
1C); however the maximum level of expression 
can be associated with the malignant invasive 
adenocarcinoma that is the final stage of dis-
ease development (Figure 1D). The study of all 
tissues showed a correlation between the 
expression of eIF4E and carcinogenesis stages 
with 66.67% of cases considered highly stained 
in adenocarcinoma tissues with a score of 2 or 
3 (Table 1).

Expression level of p-eIF4E in colorectal tis-
sues

The phosphorylation of eIF4E on Ser 209 has 
been thought to be mandatory for the tumori-
genic properties of eIF4E. As such the normal 
colorectal tissue did not present any expres-
sion of this factor; however neither did the 
other graded tissue specimens (Table 1).

Expression levels of 4E-BP1 in colorectal tis-
sues

The activity of eIF4E is under the tight control of 
its inhibitor 4E-BP1. Therefore we decided to 

Figure 1. Expression levels of eIF4E in a prototype colorectal tissue with different stage of lesion. A: Normal; B: Low 
grade adenoma; C: High grade adenoma; D: Adenocarcinoma.
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determine the presence and pattern of the 
total protein expression level of this protein in a 
serial section from same patients. 

To study the dynamic expression of 4E-BP1 in 
the process of carcinogenesis, we have ana-
lyzed 4E-BP1 expression in a tissue with differ-

Figure 2. Expression levels of 4E-BP1 in a prototype colorectal tissue with different stage of lesion. A: Normal; B: Low 
grade adenoma; C: High grade adenoma; D: Adenocarcinoma.

Table 1. Staining intensity of the total and phosphorylated forms of eIF4E and 4E-BP1 on the differ-
ent histologically classified colonic tissue sections

Protein Score Normal (N=13) Hyperplasia
(Low grade) (N=20)

Dysplasia
(High Grade) (N=12)

Adenocarcinoma
(N=27)

eIF4E 0 13 (100%) 6 (30%) 4 (33.33%) 3 (11.11%)
1 0 (0%) 10 (50%) 0 (0%) 6 (22.22%)
2 0 (0%) 4 (20%) 8 (66.67%) 6 (22.22%)
3 0 (0%) 0 (0%) 0 (0%) 12 (44.45%)

4E‐BP1 0 13 (100%) 5 (25%) 1 (8.33%) 15 (55.56%)
1 0 (0%) 8 (40%) 2 (16.67%) 8 (29.63%)
2 0 (0%) 6 (30%) 6 (50%) 4 (14.81%)
3 0 (0%) 1 (5%) 3 (25%) 0 (0%)

p‐eIF4E 0 13 (100%) 20 (100%) 12 (100%) 27 (100%)
1 0 (0%) 0 (0%) 0 (0%) 0 (0%)
2 0 (0%) 0 (0%) 0 (0%) 0 (0%)
3 0 (0%) 0 (0%) 0 (0%) 0 (0%)

p‐4E‐BP1 0 13 (100%) 6 (30%) 3 (25%) 15 (55.56%)
1 0 (0%) 8 (40%) 1 (8.33%) 2 (7.41%)
2 0 (0%) 6 (30%) 5 (41.67%) 4 (14.81%)
3 0 (0%) 0 (0%) 3 (25%) 6 (22.22%)
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ent stages of lesions. In normal cuboid epithe-
lial cells 4E-BP1 was not detected (Figure 2A) 
as it was shown for eIF4E. In adenoma lesions, 
4E-BP1 protein appeared transiently overex-
pressed, peaking in high grade stage (Figure 
2C) by comparison with low grade (Figure 2B), 
and returning to basal low levels or becoming 
less detected as the pathology further pro-
gresses to adenocarcinoma (Figure 2D). 
Analysis of the 72 cases revealed that 4E-BP1 
is either not or poorly expressed in more than 
half (23/27) of the adenocarcinoma samples 
and only 14.81% of cases had important stain-
ing level (Table 1). The highly level of staining 
was observed for High grade adenoma with 
9/12 tissues scored as important to strong, 
whereas 40% low grade tissues presented 
moderate staining (Table 1).

Expression levels of p4E-BP1 in colorectal 
tissues

Since the ser65 phosphorylation of 4E-BP1 lim-
its its interaction with eIF4E to control transla-
tion, the tissues were stained with a specific 
antibody. Immunohistochemical images of a 
colonic specimen showed that in accordance 

with eIF4E the maximum levels were detected 
in the case of malignancy (adenocarcinoma) 
(Figure 3D); while the lowest levels seemed to 
be correlated to the low grade colorectal ade-
nomatous tissue (Figure 3B). On the other 
hand, the high grade colorectal adenomatous 
tissue showed expression levels comparable to 
those of the malignant tissue (Figure 3C). 
Moreover, p4E-BP1 was absent or barely 
expressed in the normal colorectal cells (Figure 
3A). The data collected from all specimens 
revealed a staining profile similar to eIF4E dur-
ing the different stages of carcinogenesis 
(Table 1). Note that p4E-BP1 staining was posi-
tive only in tissues where 4E-BP1 was detected. 
By comparing 4E-BP1 staining to its phosphory-
lated form we noticed that when 4E-BP1 is 
present in adenocarcinoma tissues it’s highly 
phosphorylated or inactivated (Figure 4).

Discussion

Colorectal cancer is a multistep cancer that in 
95% of the cases evolves from a preexisting 
epithelial neoplasia, the adenoma which pro-
gresses via intermediate stages, showing 
increased degrees of dysplasia, to an adeno-

Figure 3. Expression levels of p4E-BP1 in a prototype colorectal tissue with different stage of lesion. A: Normal; B: 
Low grade adenoma; C: High grade adenoma; D: Adenocarcinoma.
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carcinoma. This pathway to carcinogenesis is 
driven by a series of mutations giving the can-
cer cells a survival advantage to grow, accumu-
late and invade the surrounding tissue [10, 11]. 
The most common of these mutations leads to 
the inactivation of the tumor suppressor gene 
APC; which is an initiating event in carcinogen-
esis in 60% of adecnocarcinomas. On the other 
hand, LOH of 17p (where the tumor suppressor 
gene p53 resides) and the inactivation of the 
TGFβ signaling pathway are thought to occur as 
late events in the progression to malignancy. 
The repercussions of genetic mutations on can-
cer development have been under investiga-
tion for decades, however for some time now 
the involvement of cap-dependent translation 
initiation in the genesis and maintenance of 
multiple types of cancer is becoming evident. 
Cap-dependent translation is controlled mainly 
by regulating the abundance and activity of the 
eukaryotic initiation factor 4E (eIF4E) which is 
the rate limiting component of the cap binding 
complex (eIF4F) required for the initiation of 
this process. eIF4E in itself is regulated by 
phosphorylation at Ser209 and sequestration 
by 4E-BP1. Therefore in our study we decided to 

view this genetic disease from another angle 
and focused on determining the involvement of 
regulatory factors of cap dependent transla-
tion, in specific eIF4E and its inhibitor 4E-BP1, 
in the progression of CRC.

Our results showed that the expression levels 
of eIF4E increased steadily as the cancer pro-
gressed from the case of benign dysplasia to 
an adenocarcinoma. This is in agreement with 
the results of the studies done by Rosenwald et 
al. and Berkel et al.; who proved that eIF4E 
overexpression is an early event during colorec-
tal carcinogenesis [12] and that eIF4E expres-
sion is strongly associated with the histological 
type of the lesion [13]. The positive association 
we drew between eIF4E and the histological 
type in colorectal cancer has also been 
observed in head and neck squamous cancer 
(HNSC) [14], prostate cancer [15] and periph-
eral lung adenocarcinoma [16]; where the 
expression levels of eIF4E were lower in the 
premalignant lesions compared to the cancer-
ous lesions which had the highest expression 
levels. The increase in the expression levels of 
eIF4E can be due to multiple mechanisms. It 

Figure 4. Expression levels of 4E-BP1 and p4E-BP1 in adenocarcinoma tissues. The expression levels of 4E-BP1 (A, 
C) and the phosphorylated ser65 form (B, D) were showed from two patient samples.
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can be the result of gene amplification, like it 
was found in breast and HNSC carcinoma [17], 
alterations in transcription or mRNA stability. In 
fact, elevated eIF4E levels may result from any 
combination of these [18]. Hu antigen R (HuR) 
proteins have been shown to regulate the sta-
bility of eIF4E transcripts by binding to the 
3’UTR, hence increasing its protein expression 
levels [19]. Therefore the increase of the 
expression and cytoplasmic abundance of the 
RNA-binding protein HuR with increased malig-
nancy of colon cancer [20] might account for 
the observed increased in eIF4E levels. With 
respect to transcriptional regulation, it was 
shown that in colorectal cancer the deregula-
tion of the  APC/β-catenin/Tcf-4 signaling path-
way, leads to the transcriptional activation of 
c-myc which will in turn result in the transcrip-
tional increase of eIF4E [12]. In addition, immu-
nohistochemical analysis of breast cancer 
biopsies have found increased eIF4E expres-
sion during hypoxic conditions [21] and more 
recently the implication of hypoxia inducible 
factor 1α (HIF-1α) was elucidated [22]. In this 
way, the hypoxia that accompanies tumor 
growth may stimulate eIF4E expression.

The eIF4E expressed is subject to phosphoryla-
tion as a downstream target of the MAPK sig-
naling pathway [3]. The results of the immuno-
histochemical staining for the detection of 
p-eIF4E failed to reveal the presence of phos-
phorylation in any of the cases studied. However 
these results are not likely to be due to an error 
in manipulation since a positive control, the 
pancreatic tissue [9], showed positive staining 
for this factor. In colorectal tissues, it was found 
that p-eIF4E positive staining rates increase 
during carcinogenesis but this was seen in only 
37 out of 60 cases studied [23]. It is important 
to note here that even in the literature the role 
of the phosphorylation of eIF4E on Ser 209 is 
highly controversial with respect to the physio-
logical role as well as its involvement in the 
oncogenic characteristics of eIF4E [24]. Even 
though there is increasing evidence on the 
involvement of the phosphorylation of eIF4E in 
tumorigenesis [25], we cannot ignore the con-
tradicting evidence that p-eIF4E binds with 
lower affinity to the cap structure [26] and that 
this phosphorylation is not required for protein 
synthesis in vitro and in vivo [27]. In fact phos-
phorylation alone cannot drive the formation of 
eIF4E/eIF4G complex and therefore is insuffi-
cient to activate the translation machinery [24]. 

Therefore more work should be done in this 
field to better elucidate, without doubt, the role 
of p-eIF4E in cancer in general and colorectal 
cancer in specific.

With respect to 4E-BP1, the total expression 
levels increased only in the premalignant state 
of the disease and decreased or stabilized 
upon malignancy. Also this 4E-BP1, when 
expressed was in the phosphorylated form. In 
all cases the expression patterns of each of 
these factors were significantly higher in the 
dysplastic and cancerous tissue when com-
pared to the normal colorectal tissue. In litera-
ture, 4E-BP1 has received much less attention 
than eIF4E, especially when it comes to study-
ing its pattern of expression in the initiation 
and progression of cancer. In fact, in the afore-
mentioned studies on colorectal tissue [12, 
13], they failed to test for 4E-BP1 expression 
levels; and in the one study where they did [28] 
they used western blot analysis on a small 
cohort, including only malignant colon and gas-
tric tissue and adjacent normal tissue. Their 
results showed 4E-BP1 to be negatively associ-
ated to the progression of gastrointestinal can-
cer, which is in accordance with our findings. 
This was also found to be true for breast cancer 
[29, 30], hence further backing up our results. 
In the case of p-4E-BP1, evidence of its positive 
association with higher grade in endometrial 
[31], breast [29, 30], ovarian [32] and prostate 
cancer [15] add credibility to our results. 

In the case of 4E-BP1 the increase in its expres-
sion in the cytoplasm of the dysplastic cells 
which are simultaneously expressing increased 
levels of eIF4E suggests that this 4E-BP1 is just 
the cells’ physiological response to counter the 
increased expression of eIF4E where the tran-
scriptional regulation of 4E-BP1 appears to be 
vital for resistance to stress [33-36]; as well for 
mediating the antiproliferative effects of TGFβ 
(at least in pancreatic cancer cell lines) [37]. 
The consequent deregulation of the TGFβ path-
way (by loss of expression of TGFβRII or 
SMAD2/4), which is commonly a late event in 
colorectal carcinogenesis, could account for 
the failure of the protein expression levels of 
4E-BP1 to further increase in the adenocarci-
noma state. 4E-BP1 is subject to phosphoryla-
tion, in a hierarchal manner, at a set of con-
served serine and threonine residues by kinas-
es such as mTOR, ERK1/2, and PI3K [3]; there-
fore the multiple oncogenic alterations that are 
activated in malignant cells could lead to an 
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increase in the phosphorylation of this protein 
[29]. In fact PI3K signaling pathway has been 
found to be mutated in up to 40% of CRC [38] 
and involved in 4E-BP1 downregulation [39]. 
Therefore we suggest that the activation of 
PI3K during CRC carcinogenesis may inactivate 
the translational control by 4E-BP1, either by 
downregulating its expression or, when 
expressed, by phosphorylating it.

The results are the first of their kind in terms of 
determining the  expression level of eIF4E, 
4E-BP1 and their phosphorylated forms simul-
taneously in the same normal, dysplastic and 
malignant colorectal tissue. We showed that 
the increase in eIF4E expression levels is being 
accompanied by an increase in the levels of 
p-4E-BP1; which means that as the colorectal 
tumor is progressing, the availability of eIF4E is 
increasing. This free and available eIF4E will 
lead to an increase in the efficiency of cap 
dependant translation of potent growth pro-
moting proteins and oncogenic proteins, includ-
ing growth factors such as c-myc and cyclin D1, 
angiogenesis factors such as VEGF and FGF-2, 
degradative enzymes such as matrix metallo-
proteinase-9 and heparinase and antiapoptotic 
proteins such as survivin and Bcl-2 [40]; all of 
which contribute to every aspect of malignancy. 
Regardless of the exact mechanism by which 
these factors are involved in the initiation and 
progression of CRC, their potential to serve as 
prognostic markers for this disease is highly 
likely. That is especially since eIFF4E is a prov-
en biomarker that predicts survival in many 
cancers; where high eIF4E expression levels 
have been linked to increased risk of recur-
rence and poorer overall survival. Similarly the 
presence of higher levels of p-4E-BP1 have 
been associated to a worse prognosis in both 
breast [29] and ovarian cancer [30]; and to be 
a predictor of post-recurrence and poor overall 
survival in melanoma [41]. On the other hand, 
4E-BP1 has been shown to possess prognostic 
potential mainly when combined with the 
expression levels of eIF4E in esophageal [42] 
and lung [43]; where the higher the ratio of 
4E-BP1/eIF4E, the better the prognosis. 
Therefore our study introduces the possibility 
of considering the relationship between the 
presence of eIF4E or p-4E-BP1 and survival in 
CRC. Also since a number of studies are work-
ing on targeting cap dependent translation at 
multiple levels, including those directly related 
to eIF4E [3, 4] with higher efficacy when the 

ratio of eIF4E/4E-BP1 increased [44], our 
results support the idea of determining the effi-
cacy of such targeted therapy in the treatment 
of colorectal cancer.

Collectively, our data showed that eIF4E expres-
sion is elevated significantly with the progres-
sion of colorectal cancer and its inhibitor, 
4E-BP1, when expressed is in the inactive, 
phosphorylated form. This thereby implicates 
enhanced eIF4E activation in colorectal cancer 
progression and suggests that eIF4E may be an 
attractive target for colorectal cancer therapy.
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