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Abstract. The present study aims to investigate the expression 
levels of two critical mammalian target of rapamycin (mTOR) 
downstream effectors, 4E binding protein  1 (4EBP1) and 
eukaryotic initiation factor 4E (eIF4E) proteins, in precancerous 
squamous intraepithelial lesions and cancer of the uterine 
cervix, and their association with human papilloma virus (HPV) 
infection status. Uterine cervical biopsies from 73 patients were 
obtained, including 40 fresh‑frozen samples and 42 archival 
formalin‑fixed, paraffin‑embedded tissue specimens. Whole 
protein extracts were analyzed for the expression of 4EBP1 and 
eIF4E proteins using western blotting. In addition, distribution 
of 4EBP1 and eIF4E protein expression and 4EBP1 phosphory-
lation (P‑4EBP1) were analyzed by immunohistochemistry in 
archival tissues and correlated with the degree of dysplasia. The 
presence of high‑risk HPV (HR‑HPV) types was assessed by 
polymerase chain reaction. Using western blot analysis, high 
expression levels of 4EBP1 and eIF4E were observed in all 
uterine cervical carcinomas, which significantly correlated with 
the degree of dysplasia. By immunohistochemistry, overexpres-
sion of 4EBP1 and eIF4E was detected in 20 of 21 (95%) and 
17 of 21 (81%) samples, respectively, in patients with high‑grade 
dysplasia and carcinomas, compared with 1 of 20 (5%) and 
2 of 20 (10%) samples, respectively, in patients with low‑grade 

lesions or normal histology. All 4EBP1‑positive cases tested 
were also positive for P‑4EBP1. Furthermore, overexpression 
of 4EBP1 and eIF4E significantly correlated with the presence 
of HR‑HPV oncogenic types. The present study demonstrated 
that critical effectors of mTOR signaling, which control protein 
synthesis initiation, are overexpressed in cervical high‑grade 
dysplasia and cancer, and their levels correlate with oncogenic 
HPV types. These findings may provide novel targets for inves-
tigational therapeutic approaches in patients with cancer of the 
uterine cervix.

Introduction

Cervical cancer (Ca) is the second most common type of 
cancer (after breast cancer) in women worldwide. Globally, 
the mortality ratio is 52%, with ~275,000 mortalities from Ca 
annually (1). Estimated age‑adjusted Ca mortality rates reach 
10/100,000 women in developing countries, as opposed to 
3/100,000 women in the majority of developed countries (2). 
However, there have been dramatic reductions in the incidence 
and mortality of invasive Ca due to the widespread availability 
of cytological screening (3). Ca is caused by persistent infec-
tion with ≥1 oncogenic human papillomaviruses (HPVs) (4), 
with the prevalence of HPV infection reaching 99.7% in cancer 
patients (5). However, HPV is detected in 3‑30% of asymp-
tomatic controls, indicating the importance of co‑factors in the 
development of cancer of the uterine cervix (6,7).

Malignancies arising from the uterine cervical epithe-
lium are preceded by long periods (occasionally decades) of 
precancerous dysplastic lesions, usually involving progression 
from mild, reversible changes to severe irreversible ones (4). 
The dysplastic lesions were conventionally graded as cervical 
intraepithelial neoplasia I, II and III, and more recently, as 
low‑ or high‑grade squamous intraepithelial lesions (LG‑SIL 
or HG‑SIL, respectively). Various studies have demonstrated 
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that the simultaneous use of colposcopy and cytology as a 
screening modality exhibits a high sensitivity (95.0‑99.4%) (8).

Mammalian target of rapamycin (mTOR) is a serine/threonine 
protein kinase of the phosphatidylinositol‑3‑kinase/AKT 
signaling pathway, with a critical role in controlling cancer 
cellular growth, metabolism and cell cycle progression (9). 
When activated, the mTOR signaling pathway regulates 
ribosomal biogenesis and protein synthesis through phos-
phorylation and inactivation of the repressor of messenger 
RNA (mRNA) translation eukaryotic initiation factor 4E 
(eIF4E) and 4E binding protein 1 (4EBP1) (9), which in turn 
releases its inhibitory effect on eIF4E. The latter functions as 
the initiating factor in protein translation machinery. Another 
downstream effector of the mTOR kinase is the phosphoryla-
tion of the ribosomal protein S6 kinase and the subsequent 
phosphorylation of the ribosomal protein S6 to stimulate 
protein translation and ribosome biogenesis (9).

A strong body of evidence suggests that the mTOR 
signaling pathway is activated in a number of solid tumors, 
including head and neck squamous cell carcinoma (10‑13). 
Notably, mTOR signaling activation has been reported in both 
HPV‑negative and HPV‑associated head and neck carcinomas, 
as well as in cervical carcinoma (13) tissues and cell lines. 

Furthermore, mTOR inhibitors effectively decreased mTOR 
activity in vivo and caused a remarkable decrease in tumor 
burden (13). In addition, overexpression and/or activation of 
the eIF4E/4EBP1 axis has been reported in numerous human 
tumors, and has been associated with poor prognosis (14‑17).

In the present study, it was hypothesized that the critical 
downstream effectors of mTOR signaling, 4EBP1 and eIF4E, 
which are important in protein synthesis control, may be 
involved in the progression of precancerous lesions and cancer 
of the uterine cervix. Therefore, the present study investigated 
the expression patterns of both proteins and correlated the 
findings with patient characteristics and HPV infection status. 
The present data demonstrate that high‑grade dysplasia and 
Cas are characterized by overexpression of 4EBP1 and eIF4E 
proteins, which significantly correlates with oncogenic HPV 
types, and may provide novel targets for experimental thera-
pies for these patients.

Patients and methods

Patients. Biopsy specimens were obtained from 73 partici-
pants at the ‘Elena Venizelou’ General Maternity Hospital 
and ‘Alexandra’ General Hospital (Athens, Greece) between 
January 2011 and December 2011. The present study was 
conducted according to the ethical committee guidelines 
of the University of Athens (Athens, Greece). Participants 
were healthy women who had never undergone any kind of 
therapy for cervical pathology. All women provided written 
informed consent and answered a behavioral questionnaire 
(Table  I). Women were excluded from the study if they 
refused HPV DNA testing or if they stated that they had 
never had sexual intercourse. The present prospective study 
was restricted to those participants who met the protocol 
criteria, who were stratified into four groups: i) Normal with 
non‑dysplastic, non‑cancerous tissue; ii) LG‑SIL; iii) HG‑SIL; 
and iv) Ca. All patients underwent Papanicolaou (Pap) test, 
HPV DNA test with polymerase chain reaction (PCR) and 

colposcopic evaluation. Cervical liquid‑based cytology 
samples were gathered, and HPV DNA detection and geno-
typing plus cytopathological examination using the Bethesda 
system were performed  (7). Cervical samples and biopsy 
material were tested by PCR for DNA from 14 oncogenic 
HPV types. The primer sequences are identical to those previ-
ously described (18). The cycling conditions were as follows: 
Incubation at 94˚C for 10 min, followed by 40 cycles of dena-
turation for 1 min at 94˚C, annealing for 1 min at 55˚C and 
elongation for 1 min at 72˚C. The last cycle was followed by a 
final extension step of 7 min at 72˚C. Cervical abnormalities 
were confirmed by cytological abnormalities on Pap smears or 
histologically. Colposcopy is important in diagnosis, since this 
method has the best accuracy for the delineation and biopsy 
of the truly positive area of the most atypical site (3). From 
each patient, two biopsies were submitted, one for histological 
assessment and one for storage at ‑80℃ in liquid nitrogen. All 
primary samples were transferred in a special collector with 
liquid nitrogen at the Department of Pathology of the Univer-
sity of Athens. All stored samples in liquid nitrogen were used 
for western blotting. The Institutional Research Board at the 
University of Athens approved the study.

Western blot analysis. A total of 40  tissue samples were 
analyzed by western blotting following total protein 
extraction. Total proteins were extracted using lysis buffer 
supplemented with phosphatase and protease inhibi-
tors, as previously described  (19). Western blot analysis 
was also performed using standard methods described 
previously  (19). The monoclonal antibodies used in the 
present study were specific for eIF4E (catalog no. 9742; 
dilution,  1:1,000) and 4E‑BP1 (catalog no.  9644; dilu-
tion, 1:1,000) (Cell Signaling Technology, Inc., Danvers, 
MA, USA) and β‑actin (Sigma‑Aldrich, St. Louis, MO, 
USA). Detection was performed using enhanced chemilumi-
nescence (Amersham™ ECL™ Western Blotting Detection 
reagent; GE Healthcare Life Sciences, Chalfont, UK). The 
KARPAS 299 cell line, previously shown to overexpress 
eIF4E and 4EBP1 proteins (19), served as a positive control 
in all immunoblots.

Immunohistochemistry. Immunohistochemical analysis was 
performed on 42  specimens, using previously published 
methods  (19). Briefly, formalin‑fixed, paraffin‑embedded 
tissue sections (4‑µm thick) were obtained, and subsequently 
deparaffinized in xylene and rehydrated in graded series of 
alcohol solutions. Monoclonal antibodies specific for total 
eIF4E (catalog no. 9742; dilution, 1:100) and 4EBP1 (catalog 
no.  9644; dilution,  1:100) (Cell Signaling Technology, 
Inc.) were used for immunostaining. Heat‑induced antigen 
retrieval was conducted using preheated target retrieval 
solution (Dako, Glostrup, Denmark). Based on the intensity 
of immunostaining in tissues, eIF4E and 4EBP1 expression 
levels were semi‑quantitatively graded as ‘strongly positive’ 
(2+), ‘weakly positive’ (1+) or negative (0). A formalin‑fixed, 
paraffine‑embedded cell block with KARPAS 299 cells (a 
gift from Dr Marshall Kadin, Boston University and Roger 
Williams Medical Center, Providence, RI, USA) exhibiting 
overexpression of eIF4E and 4EBP1 proteins (17), served as a 
positive control.
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PCR analysis of HPV types. Detection and subtyping of 
HPV was based on a nested PCR method using suitable sets 
of primers, which were specific for all 14 high‑risk HPV 
(HR‑HPV) types, as described previously (18). Genomic DNA 
was extracted from paraffin sections of all 73 tissue specimens 
using standard methods (18).

Statistical analysis. Statistical analysis was performed to 
compare high (2+) vs. low/absent expression (1+/0) of eIF4E 
and 4EBP1 with the clinicopathological parameters and HPV 
status of the patients using the χ2 and Fisher's exact tests. 
P<0.05 was considered to indicate a statistically significant 
difference. Statistical calculations were performed using Stat-
View (version 5.0; SAS Institute Inc., Cary, NC, USA).

Results

Colposcopy and histology findings. Colposcopy of the cervix 
was performed after the application of dilute 5% acetic acid. 
The ability of histology to define the true level of disease 
is dependent on accurately biopsied abnormal‑appearing 
lesions (7). However, certain patients had areas of acetowhite 
changes and vessel abnormalities in the transformation zone. 
Besides, other patients with certain vaginal infections had 
also vessels with changes. In all these cases, a biopsy was 
necessary to establish the origin of acetowhite or angiogenic 
change. The colposcopic findings in association with histo-
logic diagnosis are summarized in Table II. In total, 68 cases 
with available data were statistically analyzed. The colpos-
copy and biopsy groups were stratified into three categories: 
High, low and negative; 28 specimens were high (HG‑SIL 
or Ca), 29 low (LG‑SIL) and 11 negative. Of the 28 biopsy 
specimens with HG‑SIL or Ca, 24 were evaluated as HG‑SIL 
or cancer and only 4  as LG‑SIL on colposcopy. Of the 
29 biopsy specimens with LG‑SIL, 26 were categorized as 
LG‑SIL and only 3 as negative colposcopically . Overall, the 
association between the colposcopic findings and histologic 
diagnosis was very strong (P<0.0001, χ2 test). In summary, 
these data indicate sufficiency in the diagnostic accuracy 
of colposcopically‑directed cervical biopsies in the present 
study group.

Detection of eIF4E and 4EBP1 protein levels in dysplastic 
lesions and cancer of the uterine cervix in immunoblots. 
Western blot analysis revealed high expression levels of 
eIF4E and 4EBP1 proteins in all cancer specimens tested 

Table I. Questionnaire‑based clinical and behavioral charac-
teristics of patients included in the present study (n=73).

	 Frequency distribution
Risk factor/categories	 at study entry, n (%)

Age group, years
  17‑25	 12 (16.4)
  26‑45	 41 (56.1)
  ≥46	 20 (27.4)
Marital status
  Married	 37 (50.7)
  Single	 36 (49.3)
Cigarette smoking, packs/day
  Never smoked	 39 (53.4)
  <1	 16 (22.0)
  1	 9 (12.3)
  >1	 9 (12.3)
Age at first sexual intercourse, years	
  <15	 5 (6.8)
  16‑20	 47 (64.3)
  21‑25	 18 (24.6)
  >26	 3 (4.1)
Lifetime number of sexual partners	
  1	 19 (26.0)
  >1	 54 (74.0)
Condom use	
  Yes	 42 (57.5)
  No	 31 (42.4)
Hormonal contraception	
  Yes (past)	 20 (27.4)
  Yes (current)	 1 (1.4)
  No	 52 (71.2)
History of sexually transmitted infections	
  Yes	 1 (1.4)
  No	 72 (98.6)
Pregnancy with ≥1 delivery at term	
  Yes	 42 (57.5)
  No	 31 (42.4)
  

Figure 1. (A) Representative immunoblot of the protein expression levels of 
4EBP1 and eIF4E in whole protein extracts from patient samples with N, 
LG‑SIL, HG‑SIL and Ca. The KARPAS 299 cell line served as a positive 
control for high expression levels of both proteins. (B) Bar graphs obtained 
by densitometric analysis revealed the differences in the expression levels 
of 4EBP1 and eIF4E among N, LG‑SIL, HG‑SIL and Ca samples. The 
Y‑axis represents density units, as measured by AlphaImager® software 
(Proteinsimple, San Jose, CA, USA). N, normal histology; SIL, squamous 
intraepithelial lesion; LG, low grade; HG, high grade; Ca, cervical cancer; 
K299, KARPAS 299; 4EBP1, 4E binding protein 1; eIF4E, eukaryotic initia-
tion factor 4E.

  B

  A
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Table II. Expression of 4EBP1/eIF4E proteins in association with patient characteristics.

	 WB	 IHC
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑--‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient	 Age groupa	 Colposcopy	 Pap test	 Biopsy	 HR‑HPV	 HPV16/18	 4EBP1	 eIF4E	 4EBP1	 eIF4E

  1	 2	 Neg	 Neg	 Neg	 Yes	 No	 Low	 Low	 0	 1+
  2	 1	 Low	 LG‑SIL	 LG‑SIL	 No	 No	 Low	 Low	 1+	 0
  3	 2	 Low	 Susp	 LG‑SIL	 Yes	 Yes	 Low	 Low	 1+	 1+
  4	 3	 Neg	 Neg	 Neg	 No	 No	 Low	 Low	 NP	 NP
  5	 2	 High	 HG‑SIL	 HG‑SIL	 NP	 NP	 High	 High	 1+	 1+
  6	 2	 Low	 LG‑SIL	 LG‑SIL	 Yes	 No	 Low	 Low	 1+	 1+
  7	 2	 Low	 LG‑SIL	 LG‑SIL	 Yes	 Yes	 Low	 Low	 1+	 2+
  8	 1	 Low	 Neg	 LG‑SIL	 No	 No	 Low	 Low	 2+	 1+
  9	 2	 Low	 LG‑SIL	 LG‑SIL	 Yes	 Yes	 NP	 NP	 1+	 1+
10	 2	 Low	 LG‑SIL	 HG‑SIL	 NP	 NP	 High	 High	 2+	 2+
11	 2	 Low	 LG‑SIL	 LG‑SIL	 Yes	 Yes	 Low	 Low	 1+	 0
12	 2	 Low	 LG‑SIL	 HG‑SIL	 NP	 NP	 High	 Low	 NP	 NP
13	 1	 Low	 LG‑SIL	 HG‑SIL	 Yes	 Yes	 Low	 Low	 NP	 NP
14	 2	 High	 HG‑SIL	 HG‑SIL	 Yes	 No	 High	 High	 2+	 1+
15	 3	 High	 NP	 SCC	 Yes	 Yes	 High	 High	 2+	 2+
16	 3	 Low	 LG‑SIL	 LG‑SIL	 No	 No	 Low	 Low	 1+	 1+
17	 2	 Low	 LG‑SIL	 LG‑SIL	 No	 No	 Low	 Low	 NP	 NP
18	 3	 Low	 Susp	 LG‑SIL	 Yes	 Yes	 NP	 NP	 1+	 0
19	 3	 Neg	 Neg	 Neg	 Yes	 Yes	 Low	 Low	 0	 0
20	 3	 High	 Neg	 SCC	 Yes	 No	 High	 High	 2+	 2+
21	 2	 High	 HG‑SIL	 HG‑SIL	 Yes	 Yes	 Low	 Low	 2+	 1+
22	 3	 High	 NP	 SCC	 Yes	 Yes	 High	 High	 2+	 2+
23	 3	 High	 NP	 SCC	 Yes	 Yes	 High	 High	 2+	 2+
24	 2	 High	 Susp	 SCC	 NP	 NP	 High	 High	 2+	 2+
25	 2	 High	 NP	 SCC	 NP	 NP	 NP	 NP	 2+	 2+
26	 1	 High	 LG‑SIL	 HG‑SIL	 Yes	 No	 Low	 Low	 2+	 2+
27	 3	 High	 HG‑SIL	 SCC	 Yes	 No	 High	 High	 2+	 2+
28	 2	 High	 HG‑SIL	 SCC	 NP	 NP	 High	 High	 2+	 2+
29	 2	 High	 HG‑SIL	 SCC	 Yes	 Yes	 NP	 NP	 2+	 2+
30	 2	 High	 HG‑SIL	 HG‑SIL	 Yes	 Yes	 Low	 Low	 2+	 2+
31	 2	 High	 HG‑SIL	 HG‑SIL	 NP	 NP	 NP	 NP	 2+	 2+
32	 2	 High	 HG‑SIL	 HG‑SIL	 Yes	 Yes	 NP	 NP	 2+	 2+
33	 2	 High	 HG‑SIL	 SCC	 Yes	 Yes	 High	 High	 2+	 2+
34	 2	 Low	 HG‑SIL	 LG‑SIL	 No	 No	 High	 Low	 1+	 1+
35	 3	 High	 NP	 SCC	 Yes	 Yes	 High	 High	 2+	 2+
36	 3	 High	 NP	 SCC	 Yes	 Yes	 High	 High	 2+	 2+
37	 2	 Low	 HG‑SIL	 LG‑SIL	 No	 No	 Low	 Low	 1+	 1+
38	 2	 Low	 Neg	 Neg	 No	 No	 Low	 Low	 1+	 0
39	 3	 Low	 Neg	 Neg	 No	 No	 Low	 Low	 0	 1+
40	 2	 Low	 Neg	 Neg	 Yes	 No	 Low	 Low	 0	 0
41	 2	 Low	 Neg	 Neg	 Yes	 No	 Low	 Low	 0	 0
42	 1	 Low	 Neg	 Neg	 Yes	 Yes	 Low	 Low	 1+	 0
43	 2	 Low	 Neg	 Neg	 No	 No	 Low	 Low	 1+	 1+
44	 2	 Low	 Neg	 Neg	 Yes	 Yes	 Low	 Low	 1+	 1+
45	 3	 High	 Neg	 HG‑SIL	 Yes	 No	 NP	 NP	 2+	 2+
46	 2	 High	 Susp	 HG‑SIL	 Yes	 Yes	 NP	 NP	 2+	 2+
47	 1	 High	 LG‑SIL	 HG‑SIL	 Yes	 Yes	 Low	 Low	 NP	 NP
48	 1	 High	 LG‑SIL	 HG‑SIL	 Yes	 Yes	 Low	 Low	 NP	 NP

aAge groups: 1, 17-25 years; 2, 26-45 years; and 3, ≥46 years. 4EBP1, 4E binding protein 1; eIF4E, eukaryotic initiation factor 4E; NP, not performed; 
LG, low grade; HG, high grade; SIL, squamous intraepithelial lesion; SCC, squamous cell carcinoma; WB, western blot; IHC, immunohistochemistry; 
HPV, human papilloma virus; HR, high risk; Neg, negative; Pap, Papanicolaou; Susp, suspicious for human papilloma virus infection or squamous intraepi-
thelial lesion, including atypical squamous cells of undetermined significance, high-grade atypical squamous cells, dyskeratotic cells and hyperkeratosis.
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(Fig. 1). The eIF4E and 4EBP1 expression level and its asso-
ciation with clinicopathological parameters are summarized 
in Table II. Among 19 evaluable samples with high‑grade 
dysplasia or carcinomas, overexpression of 4EBP1 and 
eIF4E proteins was observed in 14 of 19 (73%) and 13 of 19 
(68%) samples, respectively, compared with 1 of 10 (10%) 
and 0 of 10 (0%) samples in patients with low‑grade lesions 
(P=0.0004 and P=0.0017 for 4EBP1 and eIF4E, respec-
tively, Fisher's exact test). In addition, strong co‑expression 
of 4EBP1 and eIF4E proteins was also noted in the entire 
patient group (P<0.0001, χ2 test).

Immunohistochemical expression of eIF4E and 4EBP1 in 
cervical precancerous lesions and cancer. To further eluci-
date the expression patterns and distribution of eIF4E and 
4EBP1 in cervical lesions, immunohistochemical analysis 
was performed using specific anti‑eIF4E and anti‑4EBP1 
antibodies. This study subgroup included 42 biopsy specimens 
from patients with normal histology, precancerous lesions 
(LG‑SIL and HG‑SIL) and Ca. Histologic slides from a 
medullary thyroid carcinoma known to overexpress eIF4E and 
4EBP1 proteins (20) were used as positive controls. Overex-
pression (2+) of eIF4E and 4EBP1 was observed in all cancer 

specimens with faint expression in the surrounding stromal area 
(Fig. 2). By immunohistochemistry, overexpression of 4EBP1 
and eIF4E was observed in 20 of 21 (95%) and 17 of 21 (81%) 
samples, respectively, in patients with high‑grade dysplasia 
and carcinomas, compared with 1 of 20 (5%) and 2 of 20 
(10%) specimens in patients with low‑grade lesions or normal 
histology (P<0.0001, Fisher's exact test) (Fig. 2A). In a selected 
group of 10 4EBP1‑positive cases with high‑grade dysplasia 
or carcinomas and 8 4EBP1‑negative cases with low‑grade 
lesions or normal histology, immunohistochemistry for the 
phosphorylated form of 4EBP1 (P‑4EBP1) was performed. All 
(10/10) 4EBP1‑positive cases were also positive for P‑4EBP1, 
compared with none (0/8) of 4EBP1‑negative cases with 
low‑grade lesions or normal histology (P<0.0010, Fisher's exact 
test) (Fig. 2B). Of note, in both cases with LG‑SIL histology 
and eIF4E overexpression, squamous metaplasia was present 
in the lesions (Fig. 3). Immunohistochemical co‑expression of 
the proteins reached significance (P<0.0001, χ2 test).

Associations with HPV status. Detection of any of the 
14  HR‑HPV types as a group (Fig.  4) was significantly 
associated with colposcopy findings and histologic diagnosis 

Figure 2. (A) Immunohistochemical expression of 4EBP1 in cervical tissue 
specimens from patients with N, LG‑SIL, HG‑SIL and Ca. 4EBP1 expression 
was minimal in the surrounding stromal tissue, compared with the strong 
expression observed in specimens with HG‑SIL and cancer of the uterine 
cervix. Original magnification, x100 (N and LG‑SIL), x200 (Ca) and x400 
(HG‑SIL). (B) Representative examples of expression of P‑4EBP1. Left, 
P‑4EBP1‑negative specimen of cervical epithelium with normal histology. 
Right, P‑4EBP1‑positive specimen of carcinoma of the uterine cervix. 
Original magnification, x100 (N) and x400 (Ca). N, normal squamous epithe-
lium; SIL, squamous intraepithelial lesion; LG, low grade; HG, high grade; 
Ca, cervical cancer; 4EBP1, 4E binding protein 1; P‑4EBP1, phosphorylated 
4E binding protein 1.

  B

  A

Figure 3. (A) Immunohistochemical expression of eIF4E in cervical tissue 
specimens from patients with N, LG‑SIL, HG‑SIL and Ca, being at the 
highest level in high‑grade dysplasia and carcinoma tissue. eIF4E expres-
sion was minimal or undetectable in the surrounding stromal tissue. Original 
magnification, x100 (N and LG‑SIL), x200 (Ca) and x400 (HG‑SIL). 
(B) Immunohistochemical expression of eIF4E in cervical tissue specimens 
with squamous metaplasia and presence of high‑risk human papilloma virus 
type 16. eIF4E was detected at a high level in the majority (left panel) or a 
subset (right panel) of metaplastic cells in the basal layer. Arrows indicate 
metaplastic squamous epithelial cells strongly‑positive for eIF4E. Original 
magnification, x100 (left) and x400 (right). N, normal squamous epithelium; 
SIL, squamous intraepithelial lesion; LG, low grade; HG, high grade; Ca, 
cervical cancer; eIF4E, eukaryotic initiation factor 4E.

  B

  A
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(P=0.0040 and P=0.0030, respectively, Fisher's exact test) in 
the present study group. Overexpression of 4EBP1 and eIF4E 
statistically correlated with the presence of HR-HPV oncogenic 
types (P=0.0400 and P=0.0100, respectively, Fisher's exact 
test, Table III). In addition, detection of the most oncogenic 
HPV16/18 types was statistically associated with expression 
of eIF4E (P=0.0480, Fisher's exact test) but not with 4EBP1 
overexpression (P=0.2000, Fisher's exact test).

Discussion

Recent evidence suggests a link between the mTOR signaling 
pathway and cancer, as the majority of the upstream and 
downstream components of the mTOR signaling pathway are 
directly implicated in cancer initiation and progression (9). 
The present study aimed to investigate whether the expression 
of the two main downstream effectors of the mTOR signaling 
pathway, 4EBP1 and eIF4E, may be involved in the progres-
sion of dysplasia to cancer of the uterine cervix. Therefore, the 
expression levels of these proteins and their correlation with 
the degree of the intraepithelial lesion of the uterine cervix 
and the presence of HR‑HPV types were investigated. The 
present study demonstrated that 4EBP1 and eIF4E proteins 
were strongly expressed in all Ca specimens using western blot 
analysis and immunohistochemical methods. These findings are 
in agreement with the results of a previous study demonstrating 

mTOR kinase activation in HG‑SIL and cancer (21). However, 
in that study, the expression levels of 4EBP1 and eIF4E proteins 
were not analyzed. In addition, Faried et al (22) demonstrated 
that activation (phosphorylation) of AKT and mTOR kinase 
is detected in ~1/2 of the Cas tested, and represent potential 
predictive and prognostic indicators in these patients.

The present study also revealed that overexpression of the 
4EBP1/eIF4E axis significantly correlates with the degree 
of cervical dysplasia (SIL). These results are in accordance 
with the data published by Matthews‑Greer et al (23), which 
reported a progressive increase in immunohistochemical 
eIF4E expression with increasing degree of cervical dysplastic 
lesions irrespective of HPV status. In a selected group of 
cases, the present study also revealed that overexpression of 
4EBP1 correlated with its phosphorylation, which is a strong 
indicator of the activity of the 4EBP1/eIF4E axis and mTOR 
signaling, which is associated with cancer development 
and progression (24). More specifically, mTOR complex 1 
(mTORC1) positively regulates cell growth, and its inhibi-
tion causes cell size decrease at least in part through the 
4EBP1/eIF4E axis (24). Inhibition of 4EBP1 due to sequen-
tial phosphorylation by mTOR kinase results in the release 
of eIF4E, which, in its free form, is capable of initiating the 
translation of various mRNAs, including cell cycle regula-
tors such as cyclin D1 or c‑Myc (24). Therefore, eIF4E has 
been widely recognized to function as an oncogene, whereas 
4EBP1 has anti‑oncogenic properties  (24). For instance, 
experimental overexpression of eIF4E can cause malignant 
transformation (24). Upstream of mTOR, several oncogenic 
mechanisms may operate. Inactivation of tumor suppressors, 
in particular phosphatase and tensin homolog (PTEN), but 
also p53 and neurofibromatosis type 1, has been linked to 
mTOR‑regulatory-associated protein of mTOR (raptor) activa-
tion (9). Notably, numerous cancer cells without PTEN function 
and, therefore, with activated AKT signaling, are highly sensi-
tive to the anti‑proliferative effects of rapamycin (25,26).

Of note, the only two cases in the present study with LG‑SIL 
and strong expression of eIF4E were associated with squamous 
metaplasia. It is known that squamous metaplasia may precede 
epithelial dysplasia of the cervix (7); however, the exact mecha-
nisms underlying this transition are yet unknown. It is tempting 
to speculate that the mTOR‑raptor pathway may be involved in 
the process, but this merits further investigation.

Besides, it is well established that HPV infection is neces-
sary for cervical carcinogenesis, and therefore, HR‑HPV DNA 
testing is used for screening and secondary prevention (27,28). 
In the present report, HPV‑DNA testing by PCR was used for 
the detection of HR‑HPV types in order to analyze potential 
associations with the expression of 4EBP1 and eIF4E. Overex-
pression of 4EBP1 and eIF4E was observed to be significantly 
associated with the presence of HR‑HPV types. This finding 
suggests that a potential biologic link between the mTOR 
signaling pathway and oncogenic HPV oncoproteins may exist. 
This hypothesis is supported by the results of previous studies, 
which have demonstrated that i) eIF4E is upregulated in cervical 
neoplasia (23); ii) E6 oncoprotein activates mTORC1 signaling 
and increases protein synthesis (29); and iii) rapamycin signifi-
cantly decreases the levels of E7 protein in vitro through the 
inhibition of mTORC1 (20). Furthermore, a recent study demon-
strated that transcription of the eIF4E gene is induced by the 

Table III. Correlation between expression of eIF4E and 4EBP1 
and HR‑HPV.

	 HR‑HPV	 HR‑HPV
Expression	 positive	 negative	 P‑value

4EBP1			   0.0400
  High	 16	 1
  Low/neg	 12	 7
eIF4E			   0.0100
  High	 15	 0
  Low/neg	 13	 8	

HR, high risk; HPV, human papilloma virus; 4EBP1, 4E binding 
protein 1; eIF4E, eukaryotic initiation factor 4E; neg, negative.
  

Figure 4. Agarose gel of amplified PCR products of HR‑HPV types. 
Genomic DNA from cervical tissue samples was analyzed by nested PCR for 
specific genotypes of all 14 HR‑HPV types. Bands of specific size indicate 
the amplified PCR products for the following HPV types (from left to right): 
51 (223bp), 66 (172bp), 16 (457bp), 31 (263bp) and 35 (358bp). HR, high risk; 
HPV, human papilloma virus; PCR, polymerase chain reaction.
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E6 oncoprotein of HPV (30). However, previous studies have 
reported that activation of AKT may be observed in HPV‑nega-
tive tumors of the head and neck (31).

Modulation of the mTOR‑raptor activity by mTOR 
inhibitors as well as other targeted therapies has demonstrated 
promising results in HPV‑associated squamous cell carcinomas 
in vitro (32). Thus, mTOR inhibitors currently tested in clinical 
trials may indeed have a role in the treatment of carcinomas of 
the uterine cervix, most likely in combination with chemothera-
peutic agents. For instance, use of the single agent temsirolimus 
has demonstrated activity in cervical carcinoma, with ~2/3 of 
patients exhibiting stable disease (33). However, despite the 
increasing knowledge, the role of the mTOR signaling pathway 
in uterine cervical tumorigenesis requires further investiga-
tion. Better understanding of the mTOR pathway may provide 
the mechanistic basis for novel investigational therapeutic 
approaches aimed to improve the clinical outcome of women 
with high‑grade dysplasia or cancer of the uterine cervix.
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