
Introduction

Squamous cell carcinoma (Ca) of the uterine cervix is the

most common malignant tumor of the genital tract world-

wide [1]. In recent years, advances in molecular biology

have led to the identification of several carcinogenesis-re-

lated signaling pathways. A more profound understanding

of underlying molecular mechanisms involved in the initi-

ation and progression of Ca of the cervix will offer insight

into diagnosis and treatment.

The mammalian target of rapamycin (mTOR) is a ser-

ine/threonine protein kinase of the phosphatidylinositol-

3-kinase (PI3K)/AKT signaling pathway which regulates

cell growth, proliferation, and protein synthesis.

Aberrant activation of upstream and downstream mole-

cules of the Akt/mTOR/pS6 signaling pathway has been

identified in various types of human cancer, including head

and neck squamous cell carcinoma, prostate cancer, ovar-

ian and gastrointestinal cancer [2-4]. The serine/threonine

kinase mTOR pathway is an appealing therapeutic target

because of the availability of potent inhibitors such as ra-

pamycin and its analogues which have been utilized in clin-

ical trials for malignancies [5, 6].

Akt, a serine-threonine kinase is considered a key mol-

ecule that functions as a downstream target and effector

of phosphatidylinositol 3-kinase (PI3K). It regulates nor-

mal and cancer cell growth and fate decisions [7]. Akt

phosphorylates and inhibits the tuberous sclerosis com-

plex (TSC), thus acting as a positive upstream regulator

of mTOR, which in turn, regulates a number of down-

stream molecules, such as ribosomal protein pS kinase 1

(pS6K) and eukaryotic translation initiation factor 4E

binding protein (4E-BP1). The activation of these down-

stream targets plays a critical role in controlling funda-

mental cell processes such as cell survival, cell cycle

regulation proliferation, protein synthesis, and angio-

genesis [8]. 

The exact role of mTOR signaling pathway in cervical

cancer is not fully understood and is currently under inves-

tigation. Overexpression of the mTOR molecule, as well

as Akt and pS6, major upstream and downstream factors of

the pathway, has been shown in cervical cancer and has

been correlated with poor prognosis and resistance to

chemotherapy and radiotherapy [9, 10]. However their role

in low grade squamous intraepithelial lesions  (LSIL) and

high grade squamous intraepithelial lesions (HSIL) has not

been evaluated.

The purpose of this study was to assess the expression of

the phosphorylated (activated) forms of Akt, 4E-BP1, and

pS6 in biopsy samples of cervical LSIL, HSIL, and Ca

compared to normal squamous epithelium of the cervix.
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Materials and Methods

Patients and tumor samples
Ninety-eight formalin fixed, paraffin-embedded tissue samples

were retrieved from the archives of the Pathology Department of

the Aretaieion University Hospital Athens Medical School. Only

specimens with sufficient tissue were selected. Of 98 patients with

premalignant and malignant cervical lesions, 38 cases were diag-

nosed as LSIL, 31 cases as HSIL, and 29 cases as Ca of the cervix.

Ten cases of the latter group were retrieved from the files of the

Pathology Department of Agios Savvas Cancer Hospital, Athens.

Eight control cases of normal cervical epithelium were also in-

cluded in the study. Representative hematoxylin and eosin sec-

tions of each lesion were reviewed and diagnosis was confirmed

in all cases.

Immunohistochemistry
Five micron-thick serial sections of formalin-fixed and paraffin-

embedded tissues were immunostained using a fully automated

immunohistochemistry system, by applying a polymer detection

system. For epitope retrieval a high temperature technique with

citrate buffer was utilized. The sections were incubated in 3% hy-

drogen peroxide to neutralize endogenous peroxidase activity;

treated with a protein block to reduce non-specific binding of pri-

mary and polymer; incubated with primary antibodies; and treated

with a post primary block, containing 10% (v/v) animal serum in

tris-buffered saline, to enhance penetration of the subsequent

polymer reagent. Consequently, poly-HRP anti-mouse/rabbit IgG

reagent containing 10% (v/v) animal serum in tris-buffered saline

was applied to localize the primary antibody and the reaction

product was visualized by incubation with the substrate/chro-

mogen, 3,3’–diaminobenzidine (DAB) and substrate buffer (poly-

mer), as a brown precipitate. Finally, the sections were

counterstained with hematoxylin (0.02%).

The following primary antibodies were used: rabbit monoclonal

antibody against phosphorylated Akt (1:50, p-Akt, phosphorylated

at serine 473, #4060), rabbit monoclonal antibody against phos-

phorylated 4E-BP1 (1:100, 4E-BP1, phosphorylated at threonin

37/46, #2855), and rabbit polyclonal antibody against phospho-

rylated pS6 protein (1:400, phospho-pS6, phosphorylated at ser-

ine 235/236, #2211). Appropriate positive control cases were used

for all antibodies. As negative control, sections were treated with

phosphorylated buffered saline (PBS) with omission of the pri-

mary antibody.

The immunostains were reviewed by two independent evalua-

tors. The interobserver variability was very low (< 5% of cases).

In cases in which there was initial disagreement, stains were re-

evaluated by the aforementioned investigators using a multiob-

server microscope and discussed until consensus was reached.

Both cytoplasmic and nuclear immunostaining were evaluated for

all three molecules.

Immunohistochemical reactivity for pAkt, p4E-BP1 and phos-

pho-pS6 stains was graded in a semi-quantitative manner accord-

ing to the percentage of positive epithelial cells: (0) 0%, (1) <20%,

(2) 20-50% and (3) >50%, and the intensity of staining: (0) neg-

ative, (1) weak, (2) moderate, or (3) strong, as compared to the

negative control tissues. Moreover, a combined score of im-

munohistochemical positivity (0, 2-6) was calculated for each case

by adding the individual scores for percentage of cells (0-3) and

intensity of staining (0-3).

Statistical analysis
Differences in immunohistochemical scores (intensity and pos-

itivity) for pAkt, p4E-BP1 and phospho-pS6 between all four

groups (LSIL, HSIL, Ca, control) were assessed using Fisher’s

Exact test. Total scores between groups for all three antibodies

were evaluated using Kruskal Wallis test (following Bonferroni

correction). Correlation between the molecules was investigated

using Kentall’s tau correlation coefficient. Non-parametric test for

trend was also used to identify possible trend between grade of

dyplasia and expression of the molecules. A level of p≤ 0.05 was

considered to be statistically significant.

Results

All three molecules expressed both cytoplasmic and nu-

clear immunostaining.

p-Akt
All 38 LSIL cases studied (100%) were positive for p-

Akt expression. Seventeen cases (44.7%) showed p-Akt

immunopositivity in <20% of epithelial cells, while 14

(36.8%), and seven (18.4%) cases exhibited staining in 20-

50% and >50% of epithelial cells, respectively; the aver-

age score for the percentage of positive epithelial cells for

p-Akt was 1.73. On the other hand, the average score for

staining intensity was 1.60, corresponding to 16 (42.1%)

cases that stained weakly, 19 (50%) moderately, and three

(7.9%) strongly. The average combined score for p-Akt im-

munohistochemical positivity in the LSIL group was 3.00.

With respect to p-Akt staining, all 31 HSIL cases were

positive. Regarding the percentage of positive cells, 13

cases (41.9%) received a score of 3 and 14 cases (45.2%)

a score of 2 for positivity (average score: 2.29). The aver-

age intensity score was 2.06; six cases (19.4%) received a

score of 1, 14 cases (45.2%) a score of 2, and 11 cases

(35.5%) a score of 3. The average combined score for p-

Akt immunohistochemical positivity in HSIL was 5.00.

In addition, all 29 cervical Ca cases (100%) were positive

for p Akt expression. Seventeen cases (58.6%) showed im-

munoreactivity for >50% of cancerous cells whereas ten

cases (34.5%) for 20-50% of cells. In addition, 16 cases

(55.2%) received a score of 2 for intensity and six cases

(20.7%) a score of 3. The average positivity, intensity, and

total scores were 1.96, 2.51 and 5.00, respectively. 

On the other hand, regarding the control group, three

cases (37.5%) were negative for pAkt expression, four

cases (50%) received a score of 1 and one case (12.5%) a

score of 2 for both positivity and intensity. The average

combined score for p-Akt immunostaining in the control

group was 2.00.

Regarding intensity and positivity significant differences

between HSIL and Ca groups compared to controls were de-

tected (p < 0.001). In terms of total scores, the group of HSIL

and Ca received significantly higher scores for p-Akt expres-

sion compared to the control group (p < 0.001). Interestingly,

the total score for p-Akt expression was significantly higher

in the group of Ca compared to the LSIL group and in the

HSIL group compared to the LSIL group (p < 0.0001).

The results for p-Akt are summarized in Table 1, Figures

1 and 4.
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Figure 1. — pAkt staining

percentage and intensity in

the control, LSIL, HSIL,

and Ca groups.

Figure 2. — p4E-BP1 stain-

ing percentage and intensity

in the control, LSIL, HSIL,

and Ca groups.

Figure 3. — pS6 staining

percentage and intensity in

the control, LSIL, HSIL,

and Ca groups.
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Figure 4. — Immunohistochemical expression of

phosphorylated Akt (pAkt) in selected cases of A)

normal mucosa, B) LSIL, C) HSIL, and D) Ca of

the uterine cervix. Diffuse and strong staining is

observed in B, C, and D, while A is negative (A

and C: x400 magnification, B and D: x200 mag-

nification).

Figure 5. — Immunohistochemical expression of

phosphorylated 4E-BP1 (p4E-BP1) in selected

cases of A) normal mucosa, B) LSIL, C) HSIL,

and D) Ca of the uterine cervix. Diffuse and

strong staining is observed in B and C and D,

while A is negative (A and B: x100 magnification,

C and D: x400 magnification).

Figure 6. — Immunohistochemical expression of

phosphorylated pS6 (phospho-pS6) in selected

cases of A) normal mucosa, B) LSIL, C) HSIL,

and D) Ca of the uterine cervix. Focal and strong

staining is observed in B and C, diffuse and mod-

erate staining is seen in D, while A is negative. (A

and D: x400 magnification, B and C: x200 mag-

nification).



The role of mTOR signaling pathway in premalignant and malignant cervical lesions40

P 4E-BP1
All 98 premalignant and malignant lesions (100%) were

positive for 4E-BP1 expression. With regards to the LSIL

group, 15 cases (39.5%) showed immunoreactivity in

<20% of epithelial cells, another 15 cases (39.5%) in 20%

to 50% of epithelial cells and eight cases (21.1%) showed

positive staining in >50% of epithelial cells. The average

positivity, intensity, and total scores for p4E-BP1 in the

LSIL group were 1.18, 1.78, and 4.00, respectively. 

In the HSIL group, 15 cases (48.4%) received a score of

2 and 13 cases (41.9%) a score of 3 for positivity (average

score: 2.32). The average intensity score was 2.13, with six

cases (19.4%) receiving a score of 1, 12 cases (38.7%) a

score of 2, and 13 cases (41.9%) a score of 3. The average

total score for p 4E-BP1 immunohistochemical positivity in

HSIL was 5.00.

In the cervical Ca group, all 29 cases were positive. In

terms of positivity, 13 cases (44.8%) received a score of 3

and another 13 cases (44.8%) a score of 2. With regards to

intensity, 11 cases (37.9%) received a score of 3 and 13

cases (44.8%) a score of 2. The average positivity, intensity,

and total score for p 4E-BP1 were 2.34, 2.20 and 5.00, re-

spectively.

In contrast, in the control group, two cases (25.0%) were

negative, five cases received a score of 1 and one case

(12.5%) a score of 2 for both positivity and intensity. The

average total score for p 4E-BP1 immunostaining in the con-

trol group was 2.00.

Statistical analysis revealed significant differences be-

tween HSIL and Ca study groups compared to controls re-

garding intensity (p < 0.001), and positivity (p < 0.001).

Differences in total scores between HSIL and controls as

well as Ca group and controls were significant (p < 0.001

respectively). In contrast, no significant differences in total

scores between LSIL and HSIL and between LSIL and Ca

group were noted. The results for p 4E-BP1 are summa-

rized in Table 2, Figures 2 and 5.

Phospho-pS6 (pS6)
Ninety-six of the 98 cervical premalignant and malignant

cases (98%) were positive for pS6 expression. With regards

to the LSIL group, 14 cases (36.8%) showed immunoposi-

tivity in <20% of epithelial cells, while 19 (50%) and three

(7.9%) showed immunostaining in 20-50% and >50% of ep-

ithelial cells, respectively; only two LSIL cases (2%) were

negative. The average score for the percentage of positive

epithelial cells for phospho-pS6 in the LSIL group was 1.60.

Regarding phospho-pS6 staining intensity in 13 (34.2%)

cases was weak, in 14 (36.8%) was moderate, and in the re-

maining nine (23.7%) it was high; the average score for

staining intensity was 1.78. Finally, the average total score

for phospho-pS6 immunostaining in LSIL was 3.50.

All HSIL cases were positive for phospho-pS6 staining

(100%). Sixteen cases (51.6%) demonstrated immunoreac-

tivity in 20-50% of epithelial cells, eight cases (25.8%) were

positive in <20% of cells, while seven cases (22.5%) showed

  
 

Table 1. — Total scores for p Akt expression. Table 2. — Total scores for 4E-BP1 expression.

Table 3. — Total scores for pS6 expression.
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positivity in >50% of cells; the average positivity score was

2.03. On the other hand, the average intensity score was 2.22

corresponding to seven cases (22.5%) which received a score

of 1, 13 cases (41.9%) which received a score of 2, and 11

cases (35.4) a score  of 3. The average total immunohisto-

chemical score for phospho-pS6 in HSIL was 4.00.

All cases of cervical Ca (100%) were positive for im-

munoreactivity, most of them (41.4%), receiving a score of

2 in >50% of tumor cells and six cases (20.7%) a score of

3. In terms of stain intensity, 11 cases showed moderate im-

munoreactivity, four cases (13.8%) high, whereas 14 cases

low staining (48.3%). The average positivity, intensity, and

total scores for phospho-pS6 in cancer cases were 1.82,

1.65, and 3.00, respectively. Finally, all control cases were

positive and the positivity, intensity, and total scores were

1.78. 1.78, and 3.56, respectively. 

Statistical analysis revealed significantly higher levels

for phospho-pS6 positivity and intensity in LSIL, HSIL,

and Ca study groups compared to controls. Similarly, the

total scores for phospho-pS6 immunoexpression were sig-

nificantly lower in the control group compared to the LSIL,

HSIL and Ca groups (p < 0.001). However, there was no

statistically significant difference in phosphor-pS6 expres-

sion between LSIL and HSIL or HSIL and Ca group. The

results for phosho-pS6 immunostaning are summarized in

Table 3, Figures 3 and 6.

In addition possible correlation between the three mole-

cules in all cervical lesions was assessed in terms of per-

centage of positive cells, intensity of immunoreactivity and

total scores using Kendall’s tau test. All molecules were

positively correlated to each other, as expected since they

all serve as upstream and downstream effectors of the same

signaling pathway (Table 4). Furthermore an increasing

trend in intensity, percentage of positive cells as well as

total score with increasing grade of dysplasia was observed

in all cases at a statistically significant level (Table 5).

Discussion

The mTOR pathway is well known to be a critical regu-

lator of cell proliferation, growth, and translation. The

deregulation of this signaling pathway has been involved

in many types of cancer [2, 11] but the exact role in cervi-

cal cancer has not yet been identified and is an area of on-

going research [8, 12, 13].

In the present study, the expression of pS6 and 4E-BP1

which are downstream molecules activated by mTOR mol-

ecule was evaluated in an attempt to affirm the state of con-

stitutive activation of the pathway.

Furthermore, the expression of Akt which serves as a

positive upstream regulator of mTOR and a key player of

tumor cell survival was also assessed [7]. Since phospho-

rylation of Akt, 4E-BP1 and pS6 is necessary for their ac-

tivation, the phosphorylated levels of these molecules were

examined.

To evaluate Akt activation status, an antibody recogniz-

ing Akt phosphorylated at serine 473 was used. Since Akt

phosphorylation at Ser-473 involves an mTOR-containing

protein complex (mTORC2), it is also a marker of mTOR

activity [14, 15]. Activated Akt dissociates from the plasma

membrane and exerts its activity by phosphorylating both

cyto plasmic and nuclear downstream effectors, including

mTOR [16]. By doing so, Akt regulates a number of criti-

cal biological functions, such as cell growth and survival,

apoptosis and metabolism.

Regarding pAkt expression, it was interesting to note that

premalignant and malignant cervical lesions showed pAkt

positivity at a statistically significant level compared to nor-

mal cervical biopsies. Specifically, the pAkt expression

gradually increased with increasing degree of malignancy

(p < 0.001). These results, taken together, suggest that pAkt

may be an important indicator of the biological activity of

the molecule in the context of cervical carcinogenesis and

could be considered as a predictive marker of progression

of a low grade cervical lesion to high grade dysplasia and

cancer.

Even though the expression of pAkt is frequently ob-

served in various human cancers, only a few studies on its

role in cervical cancer and premalignant lesions have ap-

peared in the literature. A positive correlation between pAkt

activation and high resistance to radiation and chemother-

apy of cervical cancer cells has been reported. [9, 10, 17,

Table 4. — Positive correlation between p4E-BP1, pS6k,
and pAkt.

Kendall’s tau-b p-value

Intensity pS6k-p4ebp1 0.42 <0.001

pS6k-Pakt 0.23 0.007

p4ebp1- Pakt 0.34 <0.001

Percentage pS6k-p4ebp1 0.32 <0.001

pS6k-Pakt 0.31 <0.001

p4ebp1- Pakt 0.52 <0.001

Total pS6k-p4ebp1 0.37 <0.001

pS6k-Pakt 0.28 <0.001

p4ebp1- Pakt 0.46 <0.001

Table 5. — Increased trend between molecules expression
and increasing grade of dysplasia.

Contr, LSIL, HSIL, SCC: p-value

pS6k intensity 0.032

pS6k positivity <0.001

pS6k total score 0.012

p4ebp1 intensity <0.001

p4ebp1 positivity <0.001

p4ebp1 total score <0.001

Pakt intensity <0.001

Pakt positivity <0.001

Pakt total score <0.001
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18]. In addition, in a recent study Korolenkova et al. [19]

demonstrated pAkt up regulation in HSIL compared to

LSIL and normal controls, findings which are in agreement

with the present results. 

Ribosomal protein S6 (pS6) is one major downstream

target and effector of the mTOR pathway. Following acti-

vation by the ribosomal protein S6 kinase, phosphorylated

pS6 participates in the regulation of cell proliferation, cell

growth, and protein synthesis [20]. High expression of ac-

tivated pS6 has been detected in a number of human can-

cers including cervical cancer, suggesting its possible

usefulness as a cancer biomarker [12, 13, 18].

4E-BP1 is another major downstream target and effector

of the mTOR pathway. Activation of mTOR leads to phos-

phorylation of 4E-BP1 which in turn disrupts its interaction

with eukaryotic initiation factor 4E (eIF4E); thus, leading

to up regulation of translation in cancer cells [21, 22].

The present study showed significantly higher expression

of pS6 and 4E-BP1 in premalignant and malignant cervical

lesions in comparison to normal cervical biopsies. Be-

navente et al. [21] investigated the prognostic significance

of 4E-BP1 in the clinical outcome of patients with cervical

carcinoma and they demonstrated that 4E-BP1 activation

is associated with a poor prognosis in cervical carcinoma

treated with postoperative radiotherapy. With regards to

pS6k and mTOR expression in cervical cancer lesions, the

morphoproteomic analysis of Feng et al. [13] strongly sug-

gested a constitutively activated and overexpressed mTOR

pathway, which is in agreement with the present findings.

Similarly, Jing et al. [12] using cervical cancer cell lines,

concluded that p mTOR and phosphor-pS6k are increased

in cancer cells compared to normal cervical cells. Further-

more, it has been suggested that p mTOR activation may be

a poor prognostic marker for response to radiotherapy in

patients with cervical cancer [23].

It is easily understood, as expected, that pS6k activity

evaluated in the aforementioned studies, as well as the ex-

pression of its substrate, pS6, assessed in the present study,

were found both increased in premalignant and malignant

cervical lesions. 

The present study demonstrated upregulation of the three

molecules in cervical cancer, LSIL, and HSIL, thus imply-

ing that they may be actively involved in the early stages of

cervical carcinogenesis. It was demonstrated that pAkt,

pS6, and p4E-BP1 were highly positively correlated and

that there was a trend for higher expression of all three mol-

ecules with increasing grade of dysplasia. These results,

taken together, enhance the view of the potential role of the

mTOR signaling pathway in cervical cancer pathogenesis.

On the other hand, it is well established that high risk

HPV variants is the single most important etiologic factor

in the pathogenesis of cervical carcinoma. Since it has

been shown that E7 viral oncoprotein is directly linked to

the growth and survival of HPV associated cancer cells,

and that 4E-BP1 plays a significant role in maintaining a

high level of E7 protein expression [24], it would be of

interest to further investigate a correlation between HPV

positive LSIL, HSIL, and Ca cervical lesions with the

mTOR signaling pathway. This is a project of ongoing re-

search in the present laboratory and the results will be

published shortly. 
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