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Abstract: Phosphorylation of eukaryotic translation initiation factor 4E (eIF4E) binding protein (4E-BP1) results in 
release of eIF4E, which sequentially relieves translational repression and enhances oncogenic protein synthesis. 
We assessed the expression of phosphorylated 4E-BP1 (p-4E-BP1) in non-small cell lung cancer (NSCLC) and its cor-
relation with clinicopathological parameters and patient survival. In addition, we investigated whether phosphoryla-
tion site made a difference in outcome. Tissue microarray blocks were generated from 73 NSCLC samples and im-
munohistochemically stained for p-4E-BP1 Thr37/46 and p-4E-BP1 Thr70. Both p-4E-BP1 Thr37/46 and p-4E-BP1 
Thr70 were more highly expressed in squamous cell carcinoma than in adenocarcinoma (P = 0.006 and P = 0.003, 
respectively). Expression of p-4E-BP1 Thr70 was higher in tumours with a diameter larger than 3 cm (P = 0.024) and 
nodal metastasis (P = 0.053). High p-4E-BP1 Thr70 expression significantly correlated with worse overall survival 
(P = 0.001) and was an independent prognostic factor (hazard ratio 2.64, P = 0.004). p-4E-BP1 Thr37/46 had no 
prognostic significance. Phosphorylation site affected the prognostic significance of p-4E-BP1. p-4E-BP1 Thr70 is a 
candidate biomarker to predict poor prognosis in patients with NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-
related death worldwide [1]. Approximately 
80-85% of lung cancers are classified as non-
small cell lung cancer (NSCLC), and the majori-
ty of patients present with unresectable 
advanced disease. Even in early disease, the 
5-year survival rate after curative resection is 
only 20-30% [2]. Since the recent success of 
epidermal growth factor receptor (EGFR) inhibi-
tors in improving the outcomes of patients with 
activating mutations of the EGFR tyrosine 
kinase domain, studies on the development of 
novel promising targeted agents against NSCLC 
have rapidly increased [3]. One of the repre-
sentative therapeutic targets currently under 

clinical trials is the phosphatidylinositol 
3-kinase (PI3K)/Akt/mammalian target of the 
rapamycin (mTOR) pathway [4, 5].

Eukaryotic translation initiation factor 4E 
(eIF4E) binding protein (4E-BP1) acts as a down-
stream funnel where several signals from 
diverse intracellular signalling pathways, includ-
ing the PI3K/Akt/mTOR pathway, converge. 
4E-BP1 plays a key function in the control of 
protein synthesis by binding to eIF4E [6]. 
Dephosphorylated active 4E-BP1 binds tightly 
to eIF4E and hinders formation of the cap-
dependent translation initiation complex, 
essential for protein synthesis. When 4E-BP1 is 
phosphorylated and inactivated by regulatory 
upstream signals, eIF4E is released and can ini-
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tiate cap-dependent translation to promote the 
synthesis of various proteins, including onco-
genic proteins [6, 7]. Accordingly, the expres-
sion of phosphorylated 4E-BP1 (p-4E-BP1) in 
tumour cells could reflect their malignant 
potential. Previous studies have suggested that 
high expression of p-4E-BP1 correlates with an 
adverse prognosis in a variety of cancers 
[8-12], but its significance in NSCLC has not 
been well described.

4E-BP1 is hierarchically phosphorylated at mul-
tiple sites, including Thr37, Thr46, Ser65, 
Thr70, Ser83, Ser101, and Ser112 [13, 14]. 
There are two different orders of hierarchical 
phosphorylation of 4E-BP1, and the placement 
of phosphorylation in the hierarchy makes a 
distinguishable difference in the signalling 
pathway for protein synthesis [13, 14]. The 
phosphorylation of Thr37/46 and Thr70 is more 
important in the regulation of 4E-BP1 and has 
been studied in diverse tumour tissues [9-12]. 
Most studies have focused on phosphorylation 
of either Thr37/46 or Thr70, and have not con-
sidered whether p-4E-BP1 Thr37/46 and p-4E-

BP1 Thr70 are expressed differently in the 
same tumour tissue, with the potential for dis-
tinctly different clinicopathological signifi- 
cance.

We investigated the expression of p-4E-BP1 
Thr37/46 and p-4E-BP1 Thr70 in NSCLC and 
analysed their association with a variety of clin-
icopathological factors and patient survival. In 
addition, we evaluated whether there are sig-
nificant differences between the expressions of 
p-4E-BP1 Thr37/46 and p-4E-BP1 Thr70 in 
NSCLC.

Materials and methods

Patients and tissue samples

NSCLC tissue samples were obtained from 73 
patients who underwent complete resection at 
the Samsung Changwon Hospital from January 
2002 to December 2009. Demographic and 
clinicopathological data were collected from 
medical records and histopathological reports. 
The clinical stage was redetermined according 

Figure 1. Immunohistochemical staining of p-4E-BP1 Thr37/46 in non-small cell lung cancer. Negative expression 
of p-4E-BP1 Thr37/46 (A). Weakly positive expression (B). Moderately positive expression (C). Strongly positive 
expression (D).
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to the 7th edition of the American Joint 
Committee on Cancer TNM staging system 
[15]. Follow-up data were included until July 
2013 or until death or loss to follow-up of the 
patient. The study was approved by the insti-
tutional review board of our medical 
institution.

Tissue microarray and immunohistochemistry

Representative areas of the tumours were 
marked on haematoxylin and eosin-stained 
slides and used for tissue microarray (TMA) 
construction. Tissue cores with a diameter of 2 
mm were taken from donor paraffin blocks and 
put in blank recipient paraffin blocks. Two cores 
per tumour were arrayed. The TMA blocks were 
cut into 4-μm sections for immunohistochemi-
cal staining. All sections were deparaffinized 
through a series of xylene baths and rehydrat-
ed with a series of graded alcohol solutions. For 
antigen retrieval, the sections were heated in 
an autoclave for 13 min in 10 mM citrate buffer 
(pH 6.0). After blocking the endogenous peroxi-
dase activity with 3% hydrogen peroxide for 10 

min, incubation with the primary antibody was 
performed for 30 min at room temperature. 
The primary antibodies used in immunohisto-
chemical staining were rabbit monoclonal anti-
body against p-4E-BP1 Thr37/46 (clone 236B4, 
Cell Signalling Technology, Boston, MA, USA) at 
a dilution of 1:50 and rabbit monoclonal anti-
body against p-4E-BP1 Thr70 (clone W27, 
Labvision, Kalamazoo, MI, USA) at a dilution of 
1:50. A DAKO EnVision Kit (Dako, Carpinteria, 
CA, USA) was used for the secondary antibody 
at room temperature for 15 min. After tissue 
samples were washed in phosphate buffered 
saline for 10 min, 3,3’-diaminobenzidine was 
used as a chromogen, and then Mayer’s haema-
toxylin counterstain was applied. Breast carci-
nomas were used as positive controls. Negative 
controls were obtained by substituting the pri-
mary antibodies with buffer.

Immunostained slides were evaluated by two 
independent pathologists (Lee HW and Lee EH) 
blinded to the clinicopathological data. 
Discrepant cases were discussed on a multi-
head microscope to reach agreement. Cases 

Figure 2. Immunohistochemical staining of p-4E-BP1 Thr70 in non-small cell lung cancer. Negative expression of 
p-4E-BP1 Thr70 (A). Weakly positive expression (B). Moderately positive expression (C). Strongly positive expression 
(D).
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were considered positive when 10% or more of 
the tumour cells expressed p-4E-BP1. The 
staining intensity of the positive cases was 
scored as 1 (weak), 2 (moderate) or 3 (strong) 
(Figures 1 and 2). For statistical analyses, the 
negative or weakly positive cases were clus-
tered as the low expression group, while the 

moderately or strongly positive cases consti-
tuted the high expression group.

Statistical analysis

All statistical analyses were performed with 
SPSS Ver. 18 (SPSS Inc., Chicago, IL, USA). To 

Table 1. Correlation between p-4E-BP1 expression and clinicopathological factors in 73 patients with 
non-small cell lung cancer

Variables
p-4E-BP1 Thr37/46 Expression p-4E-BP1 Thr70 Expression

Low (%) High (%) P Low (%) High (%) P
Age (years)
    < 65 25 (64) 14 (36) 0.808 27 (69) 12 (31) 0.228
    ≥ 65 23 (68) 11 (32) 18 (53) 16 (47)
Sex
    Male 36 (61) 23 (39) 0.118 33 (56) 26 (44) 0.064
    Female 12 (86)  2 (14) 12 (86)  2 (14)
Smoking 
    Nonsmokers 20 (87)  3 (13) 0.016 18 (78)  5 (21) 0.070
    Smokers 28 (56) 22 (44) 27 (54) 23 (46)
Histological type
    AC 27 (84)  5 (16) 0.006 26 (81)  6 (19) 0.003
    SCC 21 (51) 20 (49) 19 (46) 22 (54)
Differentiation
    Well 20 (74)  7 (26) 0.520 18 (67)  9 (33) 0.306
    Moderate 20 (61) 13 (39) 21 (64) 12 (36)
    Poor  8 (61)  5 (39)  6 (46)  7 (54)
Tumor size (cm)
    ≤ 3 15 (60) 10 (40) 0.604 20 (80)  5 (20) 0.024
    > 3 33 (69) 15 (31) 25 (52) 23 (48)
Lymph node metastasis
    Negative 29 (72) 11 (28) 0.220 29 (72) 11 (28) 0.053
    Positive 19 (58) 14 (42) 16 (48) 17 (52)
Stage
    I 17 (71)  7 (29) 0.454 17 (71)  7 (29) 0.263
    II  6 (54)  5 (46)  8 (73)  3 (27)
    III 16 (59) 11 (41) 13 (48) 14 (52)
    VI  9 (82)  2 (18)  7 (64)  4 (36)
Lymphovascular invasion
    Negative 34 (65) 18 (35) 0.917 32 (61) 20 (39) 0.977
    Positive 14 (67)  7 (33) 13 (62)  8 (39)
p-4E-BP1 Thr37/46
    Low 33 (69) 15 (31) 0.127
    High 12 (48) 13 (52)
p-4E-BP1 Thr70
    Low 33 (73) 12 (27) 0.127
    High 15 (54) 13 (46)
    Total 48 (66) 25 (34) 45 (62) 28 (38)
AC, adenocarcinoma; SCC, squamous cell carcinoma.
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evaluate possible relationships between immu-
nohistochemical results and various clinico-
pathological parameters, we used the Fisher’s 
exact test for categorical variables and the 
Mann-Whitney test for ordinal variables. The 
impact of various parameters on overall surviv-
al (OS) was analysed by the Kaplan-Meier 
method, and differences were compared using 
the log-rank test. Multivariate analysis for OS 
was performed with a Cox proportional hazards 
model. A P-value of < 0.05 was considered sta-
tistically significant.

Results

Clinicopathological characteristics 

The 73 patients with NSCLC were composed of 
59 males and 14 females. At the time of diag-
nosis, the median age of these patients was 64 
years (range 26-77 years). Fifty patients 
(68.5%) were current or ever smokers, while 23 
(31.5%) were nonsmokers. Histologically, 32 
tumours (43.8%) were classified as adenocarci-
noma (AC) and 41 (56.2%) were classified as 
squamous cell carcinoma (SCC). Twenty-seven 
tumours (37%) were well differentiated, 33 
(45.2%) were moderately differentiated, and 
13 (17.8%) were poorly differentiated. Median 
tumour size was 3.7 cm (range 1.3-10.5 cm). 

Twenty-four tumours (32.9%) were stage I, 11 
(15.1%) were stage II, 27 (36.9%) were stage III, 
and 11 (15.1%) were stage IV. Lymphovascular 
invasion and nodal metastasis were detected 
in 21 (28.8%) and 33 cases (45.2%), respec-
tively. These clinicopathological characteristics 
are summarized in Table 1.

Correlation between p-4E-BP1 expression and 
clinicopathological factors

Of the tumours, 31 (42.5%) and 36 (49.3%) 
were positive for p-4E-BP1 Thr37/46 and p-4E-
BP1 Thr70, respectively. Expression of p-4E-
BP1 Thr37/46 was weak in 6 tumours, moder-
ate in 9, and strong in 16 (Figure 1). Based on 
p-4E-BP1 Thr37/46 expression, 48 tumours 
(65.8%) were classified in the low expression 
group and 25 (34.2%) were placed in the high 
expression group. Expression of p-4E-BP1 
Thr70 was weak in 8 tumours, moderate in 11, 
and strong in 17 (Figure 2). Among these, 45 
tumours (61.6%) were classified in the low 
expression group and 28 (38.4%) in the high 
expression group.

Smokers showed significantly higher expres-
sion of p-4E-BP1 Thr37/46 compared with non-
smokers (P = 0.016). The same trend was 
observed for p-4E-BP1 Thr70 expression, but 

Figure 3. Survival curves for non-small lung cancer according to expression of p-4E-BP1 Thr37/46 (A) and p-4E-BP1 
Thr70 (B).
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the difference was not statistically significant (P 
= 0.070). Both p-4E-BP1 Thr37/46 and p-4E-
BP1 Thr70 were more highly expressed in SCC 
than in AC (P = 0.006 and P = 0.003, respec-
tively). Tumour size significantly correlated with 
the expression level of p-4E-BP1 Thr70, which 
was higher in tumours with a diameter > 3 cm 
than in tumours with a diameter ≤ 3 cm (P = 
0.024). Tumours with nodal metastasis had a 
strong tendency towards higher levels of p-4E-
BP1 Thr70 expression than tumours without 
nodal metastasis, but the relationship did not 
reach statistical significance (P = 0.053). Other 
clinicopathological factors did not significantly 
correlate with p-4E-BP1 Thr37/46 or p-4E-BP1 
Thr70 (Table 1).

Correlation between p-4E-BP1 expression and 
patient survival

The median follow-up period was 30 months 
(range 1-135 months). During follow-up, 40 
(54.8%) of the 73 patients died from disease 
progression. High p-4E-BP1 Thr70 expression 
was significantly associated with worse OS 
(Figure 3B; P = 0.001), whereas p-4E-BP1 
Thr37/46 expression was not (Figure 3A; P = 
0.422). Larger tumour size (P = 0.028), lympho-
vascular invasion (P = 0.005) and advanced 
stage (P = 0.021) were also significantly associ-
ated with poor prognosis. When stratified by 
histology, high p-4E-BP1 Thr70 expression 
unfavourably impacted prognosis in both AC (P 
< 0.001) and SCC (P < 0.001), while p-4E-BP1 
Thr37/46 expression did not (AC (P = 0.520) 

and SCC (P = 0.515). Based on multivariate Cox 
regression analysis of the whole cohort, p-4E-
BP1 Thr70 and lymphovascular invasion were 
independent prognostic factors (Table 2).

Discussion

4E-BP1 binds to eIF4E, inhibiting formation of 
the cap-dependent translation initiation com-
plex and thus the synthesis of oncogenic pro-
teins such as c-myc, cyclin D1, or VEGF [6, 7]. 
When 4E-BP1 is phosphorylated, eIF4E is 
released and forms the initiation complex, indi-
cating its oncogenic potential and aggressive 
phenotype. Previous studies have shown that 
high p-4E-BP1 expression is associated with 
poor prognosis in astrocytoma, melanoma, 
oesophageal, endometrial, and ovarian can-
cers [8-12]. Seki et al. [16] reported that high 
4E-BP1 expression is an independent favoura-
ble prognostic factor in stage I invasive lung 
adenocarcinoma, but did not examine the 
expression of p-4E-BP1. More recently, Trigka 
et al. [17] showed that p-4E-BP1 Thr37/46 
expression is higher in SCC than in AC, and that 
high p-4E-BP1 Thr37/46 expression correlates 
with advanced T stage and poor prognosis in 
AC, but not the entire NSCLC cohort. Their find-
ing is in accordance with the results of previous 
studies on other types of cancers. They did not 
evaluate p-4E-BP1 Thr70 expression. 

The phosphorylation sites of 4E-BP1 are Thr37, 
Thr46, Ser65, Thr70, Ser83, Ser101 and 
Ser112. Thr37/46, Ser65 and Thr70 are regu-
lated by upstream signalling pathways and are 
hierarchically phosphorylated [13, 14]. Two dif-
ferent models of hierarchical phosphorylation 
of 4E-BP1 exist. The order of phosphorylation in 
the conventional model is Thr37/46, Thr70 and 
Ser65, where phosphorylation of Thr37/46 is 
the priming event for subsequent phosphoryla-
tion of Thr70, which is crucial for the release of 
4E-BP1 from eIF4E [13]. Phosphorylation of 
Thr37/46 alone is insufficient to dissociate 
4E-BP1 from eIF4E, however, and activation 
remains blocked. In a newly described model, 
the phosphorylation order is Thr70, Thr37/46 
and Ser65, where phosphorylation of Thr70 is 
the priming event for subsequent phosphoryla-
tion of Thr37/46, which is essential for the dis-
sociation of 4E-BP1 from eIF4E [14]. In this new 
hierarchical model, phosphorylation of Thr37/ 
46 is the critical step for the release and activa-
tion of eIF4E.

Table 2. Multivariate analysis for overall survival 
in 73 patients with non-small cell lung cancer
Factors HR 95% CI of HR P
Tumor size (cm)
    > 3 1.39 0.65-3.01 0.397
    ≤ 3 1.00
Stage
    III-IV 1.55 0.78-3.09 0.208
    I-II 1.00
Lymphovascular invasion
    Positive 2.50 1.27-4.94 0.008
    Negative 1.00
p-4E-BP1 Thr70
    High 2.64 1.37-5.09 0.004
    Low 1.00
CI, confidence interval; HR, hazard ratio.
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Most studies associating p-4E-BP1 expression 
with poor prognosis have focused only on phos-
phorylation at either Thr37/46 or Thr70. 
Because of the different hierarchical models, 
however, we hypothesized that p-4E-BP1 
Thr37/46 and p-4E-BP1 Thr70 could have dif-
ferent effects on tumourigenesis in NSCLC, and 
that there might be significant clinicopathologi-
cal differences between p-4E-BP1 Thr37/46 

and p-4E-BP1 Thr70 expression.

In our study, both p-4E-BP1 Thr37/46 and p-4E-
BP1 Thr70 expression were higher in SCC and 
smokers than in AC and nonsmokers, respec-
tively. This result suggests that p-4E-BP1 might 
be more closely involved in the carcinogenesis 
associated with smoking. Other clinicopatho-
logical factors, including patient survival, did 
not correlate with p-4E-BP1 Thr37/46 expres-
sion. Even after stratification by histological 
type, we could not find any prognostic signifi-
cance of p-4E-BP1 Thr37/46, in contrast with 
results reported by Trigka et al. [17]. We did 
observe that p-4E-BP1 Thr70 expression signifi-
cantly correlated with larger tumour size and 
showed a strong tendency toward nodal metas-
tasis. Both results imply that p-4E-BP1 Thr70 
contributes to proliferation, invasiveness and 
migration of tumour and has oncogenic roles. 
Patients with high p-4E-BP1 Thr70 expression 
had significantly shorter survival. In addition, 
p-4E-BP1 Thr70 expression was an independ-
ent adverse prognostic factor in our multivari-
ate analysis. Based on these results, we specu-
late that in NSCLC, phosphorylation of Thr70 
might be a more critical step in hierarchical 
phosphorylation of 4E-BP1 than phosphoryla-
tion of Thr37/46, and that the conventional 
hierarchical model of 4E-BP1 phosphorylation 
might apply in NSCLC. This speculation needs 
to be verified with molecular experiments.

Because 4E-BP1 is a downstream molecule of 
the mTOR signalling pathway, p-4E-BP1 can 
reflect the activity of mTOR signalling pathway 
and predict sensitivity to mTOR inhibitors [18]. 
On the basis of our results, there may be differ-
ences between p-4E-BP1 Thr37/46 and p-4E-
BP1 Thr70 in predicting the response of NSCLC 
to mTOR inhibitors.

We did not find the same prognostic signifi-
cance of p-4E-BP1 Thr37/46 as Trigka et al. 
[17]. In addition, the well-established prognos-
tic factor of stage was not an independent prog-

nostic factor in our study. We think that both 
outcomes might result from the small number 
of cases included in this study. Large-scale pro-
spective studies comparing expression levels 
of p-4E-BP1 Thr37/46 and p-4E-BP1 Thr70 with 
molecular validation are necessary to elucidate 
tissue-specific phosphorylation hierarchies 
and better define the prognostic significance of 
p-4E-BP1 in NSCLC.

In conclusion, p-4E-BP1 Thr70 expression can 
help predict the prognosis of patients with 
NSCLC. The prognostic significance of p-4E-
BP1 in NSCLC varies depending on the phos-
phorylation site.
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