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Abstract. The present study aimed to investigate whether the 
mammalian target of rapamycin (mTOR) signaling pathway 
is activated in invasive breast cancer. The expression levels of 
phosphorylated (p)-mTOR at ser2448 were detected, as well 
as the expression levels of its downstream signaling molecules: 
Eukaryotic translation initiation factor 4E-binding protein 1 
(4E-BP1), and p70 ribosomal protein S6 kinase 1 (S6K1). 
The correlation between p-mTOR, p-4E-BP1, p-S6K1, and 
the clinicopathological parameters of breast cancer were also 
determined. p-mTOR, p-4E-BP1 and p-S6K1 expression was 
detected in 285 breast cancer tumor samples and adjacent 
normal tissue samples using immunohistochemistry. The 
expression levels and the location of the proteins were analyzed 
and compared in the various tissue samples. Multivariate 
Cox regression was used to analyze the clinicopathological 
factors and prognosis associated with the tissue samples. The 
disease-free survival rate was examined using survival analyses 
and Log-rank tests. The results of the present study indicated 
that the expression levels of p-mTOR, p-4E-BP1, and p-S6K1 
were significantly higher in breast cancer tissue, as compared 
with normal tissue (P<0.01). p-mTOR was predominantly 
expressed in the cytoplasm, whereas p-4E-BP1 and p-S6K1 
were predominantly co-expressed in the cytoplasm and the 
nucleus. In addition, p-4E-BP1 and p-S6K1 were more likely 
to be expressed in the cytoplasm in breast cancer tissue 

samples, as compared with normal tissue samples (P<0.001). 
Positive p‑mTOR was not significantly correlated with posi-
tive p-4E-BP1 and p-S6K1 expression. The survival analyses 
of the patients with positive p-mTOR, p-4E-BP1, and p-S6K1 
tissue samples were not significantly different from those of the 
patients with negative tissue samples (P>0.05). Thus suggesting 
that these markers are not adequate risk factors for disease free 
survival (P>0.05). In conclusion, the results of the present study 
suggested that p-mTOR, p-4E-BP1, and p-S6K1 are activated in 
invasive breast cancer. In addition, the exclusive expression of 
p-4E-BP1 and p-S6K1 in the cytoplasm may be characteristic 
of progressive breast cancer. However, p-mTOR, p-4E-BP1, and 
p-S6K1 are not prognostic factors for breast cancer.

Introduction

Breast cancer is the most common cancer diagnosed in women 
worldwide (1). In recent years, the incidence of breast cancer 
has rapidly increased in economically developed regions (2). 
Although China has a relatively low incidence of breast cancer, 
the rate of diagnosis is currently increasing at an average of 
3-4% per year (3). The implementation of systemic therapeutic 
strategies including targeted therapy, such as estrogen receptor 
modulators tamoxifen and raloxifene, has reduced the risk 
of breast cancer (4). Together with mammography screening 
and the improvement of localized therapy, these techniques 
have likely contributed to the improvements in breast cancer 
survival (5).

Following recent advances in cancer research, scientists 
have begun to attach more importance to targeted therapy. 
Mammalian target of rapamycin (mTOR) is a novel target that 
may help treat malignancies. It is a 290 kDa molecule which 
functions as a serine-threonine kinase by regulating cell growth 
and metabolism in mTOR signaling pathway (6). The molecule 
has an important role in cellular processes, including apoptosis, 
transcription, translation, metabolism, angiogenesis, and cell 
cycle regulation, all of which are associated with the occurrence 
and development of numerous types of tumor (7-9). mTOR 
belongs to the family of phosphatidylinositol kinase-related 
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kinases (10), and is activated by phosphorylation of ser2448 
through the phosphatidylinositol 3-kinase (PI3K)/Akt signaling 
pathway (11). mTOR is involved in two independent signaling 
pathways depending on which type of complex it forms: mTORC1 
or mTORC2. In the mTORC1 complex mTOR is thought to be 
predominantly phosphorylated at ser2448 (12). mTORC1 is 
involved in the P13K-Akt signaling pathway, where it mediates 
the activation of the eukaryotic translation initiation factor 4E 
(eIF4E) binding protein 1 (4E-BP1), and the p70 ribosomal 
protein S6 kinase 1 (S6K1). Together, 4E-BP1 and S6K1 control 
protein synthesis (13). In addition, mTOR phosphorylates S6K1 
and 4E-BP1 leading to the translation of mRNA that encodes 
ribosomal proteins and elongation factors, as well as proteins 
responsible for ribosome recruitment and initiation of transla-
tion (14,15). Alterations in the signaling pathway that leads to 
mTOR activation results in increased protein biosynthesis, cell 
growth, and tumor development (16). Thus suggesting that the 
mTORC1 signaling pathway controls protein translation and has 
an important role in the mechanism of tumor cell growth.

The activation of mTORC1 and the overexpression of 
mTOR has been demonstrated in numerous types of cancer, 
including hepatocellular, renal cell, and prostate cancer (17). 
In addition, mutations in the phosphatidylinositol-4,5-bispho-
sphate 3-kinase, catalytic subunit α gene, phosphatase and 
tensin homolog (PTEN) loss, and aberrant activation of Akt 
have all been described in breast cancer (18,19). Therefore, 
targeting the mTOR signaling pathway has emerged as a 
promising therapeutic option. Furthermore, it has been shown 
that mTOR activation, caused by either PTEN mutation or 
AKT overexpression, is notably susceptible to mTOR inhibi-
tors (14,20). Treatment of cancer with mTOR inhibitors has 
produced promising results in various malignancies, including 
prostate cancer, malignant glioma, leukemia, lymphoma, 
melanoma, and renal cell cancer, as well as breast cancer (21). 
Three mTOR antagonists: Everolimus, temsirolimus, and 
deforolimus (AP23573), have exhibited activity against breast 
cancer in preclinical studies (22-24). Various components of 
the mTOR signaling pathway have been recognized as attrac-
tive therapeutic targets for cancer therapy, including breast, 
ovarian, colon, pancreatic and gastric cancers (25-31).

The aberrant activation of the PI3K/Akt/mTOR signaling 
pathway is involved in oncogenesis and the progression of 
breast cancer (28-31). In vitro and in vivo investigations, 
as well as preclinical studies into drug therapies targeting 
the constituents of this particular signaling pathway, have 
been shown to exhibit significantly beneficial effects in the 
treatment of certain subsets of breast cancer (20,28,32,33). 
The mechanism underlying the mTOR signaling pathway in 
invasive breast cancer is complex, and numerous studies have 
been carried out in an attempt to elucidate it (34-36). However, 
there has been little research conducted regarding the expres-
sion levels of phosphorylated (p)-mTOR, or the activation of 
its downstream signaling components p-4E-BP1 and p-S6K1 
in human invasive breast cancer tissues. The aim the present 
study was to investigate the expression levels and location of 
p-mTOR and its downstream signaling pathway components, 
as well as their association with the clinical characteristics of 
breast cancer. Understanding these issues may allow mTOR 
to be successfully used as a therapeutic target in breast cancer 
treatment.

Materials and methods

Patient selection. The present study was approved by the 
ethics committee of the Affiliated Tumor Hospital of Xinjiang 
Medical University (Urumqi, China). A total of 285 patients 
(age, 28-73 years) with breast cancer were recruited to the 
present study between March 2005 and September 2009 at 
the Affiliated Tumor Hospital of Xinjiang Medical University. 
The patients provided written informed consent. The patients 
were followed up until March 2012. All of the patients were 
treated with adjuvant therapy following surgery. The clinical 
information of the patients was obtained from medical records, 
which included patient gender, age, nationality, tumor size, 
and lymph node metastasis, and was retrospectively reviewed 
for each patient. All of the patients included in the present 
study had invasive ductal cancer or invasive lobular cancer. 
No chemotherapy, endocrine therapy, or radiotherapy was 
performed prior to surgery. No other types of malignancy 
were diagnosed prior to or simultaneously to the diagnosis of 
breast cancer. The patients were followed-up for a median of 
71.8 months, during which time a total of 60 patients suffered 
recurrence, metastasis, or death. The archival formalin‑fixed, 
paraffin-embedded tumor specimens were sectioned and 
stained with hematoxylin and eosin (Shanghai Huayi Bio-tech 
Co., Ltd., Shanghai, China) in order to confirm the diagnosis 
under a microscope (Olympus CX4; Shanghai Yubo Biological 
Technology, Shanghai, China).

Immunohistochemistry. The tumor and adjacent normal breast 
tissue samples were 10% formalin‑fixed and paraffin‑embedded 
(Shanghai Shybio Technology). The normal breast tissue 
samples were used as an internal positive control. The most 
representative paraffin block for each tumor was selected, 
and 3 µm tissue sections were cut from the tumor for immu-
nohistochemical analysis. The slides containing the tissue 
sections were placed in a 62˚C oven for 2 h. The paraffin was 
subsequently removed and the sections were dehydrated using 
xylene (1 L; 2 times; 10 min; Shanghai Shybio Technology) 
and ethanol (1 L; 2x 100%, 10 min; 1x 95%, 5 min; 1x 80%, 
5 min; 1x 70%, 5 min). The slides were then washed three times 
in phosphate buffered saline (PBS) (0.1 mol/ml; pH 7.4) for 
5 min. The sections were subsequently placed in sodium citrate 
buffer (0.01 mol/l, pH 6.0; Shanghai Shybio Technology) and 
boiled at 95˚C for 20 min, for antigen retrieval. The sections 
were then slowly cooled at room temperature for ≤20 min, 
prior to being washed a further three times with PBS. The 
sections were then incubated for 20 min at room temperature, 
and 100 µl 3% H2O2 (100 µl) was added to inhibit endogenous 
peroxidase activity. Subsequently, the sections were washed 
with PBS and incubated with 10% newborn fetal calf serum 
(0.1 ml; Shanghai Shybio Technology) at room temperature 
for 20 min, prior to being further washed with PBS. The 
primary antibodies were diluted according to the conditions 
listed below, and the sections were incubated overnight at 4˚C. 
The sections were then warmed to room temperature for 1 h 
and washed with PBS. The secondary antibody was diluted 
according to the conditions listed below, and the sections 
were incubated with it for 1 h at room temperature, prior to 
being washed with PBS. The sections were then stained with  
0.03% 3,3'-diaminobenzidine (Shanghai Shybio Technology) 
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for 8 sec, and placed into a cylinder containing ddH2O prior 
to being restained with 0.2 ml hematoxylin for 30 sec, washed 
with water for 5 min, placed into hydrochloric acid and 
ethanol (1%, 100 ml) for 1 sec, and washed again for 5 min. 
The sections were then dehydrated with ethanol, dried, and 
sealed using neutral resin (Beijing Zhongshan Golden Bridge 
Biological Technology Co., Ltd., Beijing, China) for micro-
scopic examination (Olympus CX4), under which the nuclei 
appeared stained blue or purple and the positive products were 
stained brown or yellow.

For immunohistochemical staining, the sections were 
incubated with the following primary antibodies: Rabbit 
anti‑human p‑mTOR (Ser2448) (clone 49F9; cat. no. 2976L; 
Cell Signaling Technology, Inc., Danvers, MA, USA) at a 
dilution of 1:100; rabbit anti‑human p‑S6K1 (T389) (clone 
E175; cat. no. ab32359; Abcam, Cambridge, UK) at a dilution 
of 1:50, rabbit anti-human p-4E-BP1 (Thr70) [clone EPR654(2)
A; cat. no. 04‑1139; EMD Millipore, Billerica, MA, USA] at 
a dilution of 1:100, and rabbit anti‑human ki‑67 (clone EP5; 
cat. no. ZA0502; Beijing Zhongshan Golden Bridge Biological 
Technology Co., Ltd.). Horseradish peroxidase-conjugated goat 
anti-rabbit secondary antibody (Cell Signaling Technology, 
Inc.) was used at a dilution of 1:100. The omission of primary 
antibody was used as a negative control.

Assessment of immunostaining. Assessment of immunos-
taining was conducted objectively by two pathologists who had 
yet to review the clinical data of the patients. Each pathologist 
independently observed and scored the immunohistochem-
istry results with regards to both the extent and intensity of 
the staining. In all discordant cases, mutual agreement was 
reached. The expression of p-mTOR, p-4E-BP1, and p-S6K1 
was examined in both the cytoplasm and plasma membranes. 
Immunohistochemical staining was assessed according to the 
immunoreactive score (IRS), which evaluates the proportion 
and intensity of staining (37). Staining intensity was graded 
as 0 (negative), 1 (weak), 2 (moderate), or 3 (strong); the 
percentage of positive cells examined was scored as 0 (nega-
tive), 1 (<10%), 2 (11-50%), 3 (51-80%), or 4 (>80%). The two 
scores were multiplied and the IRS (values between 0 and 12) 
was determined: 0, negative; 1‑3, weak; 4‑6, positive; and 8‑12, 
strongly positive. A final score >3 was considered positive. 
The expression of Ki-67 was considered positive if >14% cells 
stained.

Statistical analysis. All statistical analyses were conducted 
using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). A χ2 test was 
initially used in order to compare the characteristic percentages 
between different variables. A survival analysis and Log-rank 
test were carried out to compare disease free survival in the 
patients. Multivariate Cox regression model was subsequently 
built to analyze the relationship between clinicopathological 
factors and prognosis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression status and cytoplasmic expression. p-mTOR, 
p-4E-BP1, and p-S6K1 expression was assessed using stan-
dard immunohistochemistry. Fig. 1 shows a representative 

immunohistochemical staining of negative and positive 
p-mTOR, p-4EBP1, and p-S6K1 tissue samples. The presence 
of brown staining of the nuclei and/or cytoplasm indicated 
immunoreactive tissues. The percentage of breast cancer 
tissue expressing p-mTOR, p-4E-BP1, and p-S6K1 was 
significantly higher, as compared with normal breast tissue 
(P=0.001, P<0.001, and P<0.001, respectively) (Table I). In 
the cancerous and normal tissue samples, the positive expres-
sion of p-mTOR, p-4E-BP1, and p-S6K1 were 72 and 60%, 
26 and 8%, and 42 and 18%, respectively. Both nuclear and 
cytoplasmic staining was observed. As demonstrated in 
Table II, the location of the three phosphorylated proteins 
was compared between the cancerous and the normal tissue. 
p-mTOR was predominantly observed in the cytoplasm, and 
there was no significant difference between the location of 
mTOR in the cancerous and normal tissue (P=0.881), whereas 
both p-4E-BP1 and p-S6K1 were co-expressed in the nucleus 
and the cytoplasm. The exclusive cytoplasmic expression 
of these two phosphorylated proteins was markedly more 
common in cancerous tissue, as compared with normal tissue 
(both P<0.001).

As shown in Table III, no statistical correlation was 
observed between the expression of p-mTOR, and p-4E-BP1 or 
p-S6K1 (P=0.289, and 0.159, respectively), although a greater 
number of positive p-4E-BP1 and p-S6K1 tissue samples were 
found in conjunction with positive p-mTOR tissue samples. 
This lack of correlation may be the result of lower rates of 
positive p-4E-BP1 and p-S6K1, as compared with p-mTOR. 

Clinicopathological significance. Table IV presents the corre-
lation between the clinicopathological factors and p-mTOR, 
p-4E-BP1, and p-S6K1 expression. The results indicate that 
significantly reduced expression of p-mTOR is present in 
Ki-67 positive tissue (69, vs. 82%, P=0.028). Similarly, p-S6K1 
expression levels were also lower in Ki-67 positive cases 
(38, vs. 55%, P=0.011). Positive p-S6K1 expression was higher 
in grade I breast cancer tumors, but was similar between 
grade II and III tumors (88, vs. 40 and 43%, P<0.05). p-4E-BP1 
expression did not correlate with any of the clinicopathological 
factors listed (P>0.05), and no significance was found between 
the proteins and other clinocopathological factors.

Since Uyghur and Han ethnicities constitute the majority of 
the Xinjiang population, the expression of p-mTOR, p-4E-BP1, 
and p-S6K1 was analyzed according to Uyghur and Han nation-
ality. The results presented in Table V exhibit the presence of 
statistically significant differences between both populations 
for: p‑4E‑BP1 expression in cancer (62 and 38% respectively; 
P=0.020), p-4E-BP1 expression in normal tissue (29 and 71% 
respectively; P=0.029), and p‑S6K1 expression in normal tissue 
(32 and 68% respectively; P=0.004); however, no statistically 
significant differences were present between the populations 
for p-mTOR expression in cancer and normal tissue (P =0.067 
vs 0.485), or p-S6K1 expression in cancer (P=0.695). These 
results demonstrated that the expression of p-mTOR, p-4E-BP1, 
p-S6K1, and Ki-67, as well as nationality, exhibited statistically 
significant differences between breast cancer and adjacent 
normal tissue samples. Therefore, clinically important factors 
including age, body mass index (BMI), tumor size, lymph node, 
stage, grade, and histological type were included in a multivariate 
analysis. The results of the multivariate analysis demonstrated 
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that nationality (P<0.001), BMI (P=0.048), Ki-67 expression 
(P=0.004), and p-S6K1 expression (P<0.001) were all associated 
with disease free survival (Table VI). The disease free survival 
rates were also compared by survival analysis (Fig. 2), and no 
statistical significance was shown between positive and nega-
tive p-mTOR, p-4E-BP1 or p-S6K1 expression (P=0.619, 0.337, 
and 0.704, respectively).

Discussion

Understanding the mTOR signaling pathway is critical to the 
development of novel mTOR-inhibiting therapeutic strategies 
in the treatment of breast cancer. The majority of research 
conducted prior to the present study focused on breast cancer 
in general. The present study, however, investigated the 

Table III. Correlation between p-mTOR, p-4E-BP1, and p-S6K1 expression in breast cancer.

  p-mTOR
  --------------------------------------------------------------------------------
Expression + - r value P-value

p-4E-BP1    
  + 57 (77%) 17 (23%) 0.063 0.289
  - 149 (71%) 62 (29%)  
p-S6K1    
  + 92 (77%) 28 (23%) 0.084 0.159
  - 114 (69%) 51 (31%)  

p-mTOR: phosphorylated mammalian target of rapamycin; p-4E-BP1: phosphorylated eukaryotic translation initiation factor 4E binding protein; 
p-S6K1: phosphorylated p70 ribosomal protein S6 kinase.

Table I. Expression of p-mTOR, p-4E-BP1, and p-S6K1 in breast cancer and adjacent normal tissue samples.

Expression + - P-value

p-mTOR
  Cancer tissues 206 (72%) 79 (28%) 0.001
  Normal tissues 170 (60%) 115 (40%) 
p-4E-BP1
  Cancer tissues 74 (26%) 211 (74%) <0.001
  Normal tissues 24 (8%) 261 (92%) 
p-S6K1
  Cancer tissues 120 (42%) 165 (58%) <0.001
  Normal tissues 50 (18%) 235 (82%) 

p-mTOR, phosphorylated mammalian target of rapamycin; p-4E-BP1, phosphorylated eukaryotic translation initiation factor 4E binding protein; 
p-S6K1, phosphorylated p70 ribosomal protein S6 kinase.

Table II. Location of p-mTOR, p-4E-BP1, and p-S6K1 in breast cancer and adjacent normal tissue samples.

Expression Nucleus Cytoplasm Nucleus and cytoplasm P-value

p-mTOR 
  Cancer tissues 1 (0%) 270 (97%) 8 (3%) 0.881
  Normal tissues 0 (0%) 234 (98%) 5 (2%) 
p-4E-BP1 
  Cancer tissues 3 (2%) 45 (28%) 113 (70%) <0.001
  Normal tissues 1 (1%) 6 (7%) 74 (91%) 
p-S6K1 
  Cancer tissues 3 (1%) 28 (12%) 195 (86%) <0.001
  Normal tissues 6 (4%) 0 (0%) 130 (96%) 

p-mTOR, phosphorylated mammalian target of rapamycin; p-4E-BP1, phosphorylated eukaryotic translation initiation factor 4E binding protein; 
p-S6K1, phosphorylated p70 ribosomal protein S6 kinase.
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expression levels of p-mTOR, as well as its phosphorylated 
downstream signaling components S6K1 and 4E-BP1, in inva-
sive ductal and lobular breast cancer. The results of the present 
study indicated that patients with breast cancer may benefit 
from treatment with mTOR inhibitors. since the majority 

of the breast cancer tissue samples (72%) exhibited positive 
immunostaining for p-mTOR.

The results from the investigation into p-mTOR expression 
are concordant with those of previous studies. Bose et al (30) 
showed that p-mTOR was expressed in 82% of invasive breast 

Table IV. Correlation between the expression of p-mTOR, p-4E-BP1, and p-S6K1 in cancer tissue samples, and clinicopatho-
logical factors.

 p-mTOR p-4E-BP1 p-S6K1
 ---------------------------------------- ------------------------------------- --------------------------------------
Characteristic + - + - + -

Age (years)      
  ≤45 111 (71%) 46 (29%) 37 (24%) 120 (76%) 68 (43%) 89 (57%)
  >45 95 (74%) 33 (26%) 37 (29%) 91 (71%) 52 (41%) 76 (59%)
  P-value 0.509  0.306  0.648
Nationality      
  Uyghur 111 (77%) 33 (23%) 46 (32%) 98 (68%) 59 (41%) 85 (59%)
  Han 95 (67%) 46 (33%) 28 (20%) 113 (80%) 61 (43%) 80 (57%)
  P-value 0.067  0.020  0.695
BMI      
  <28.0 159 (72%) 61 (28%) 54 (25%) 166 (75%) 96 (44%) 124 (56%)
  ≥28.0 47 (72%) 18 (28%) 20 (31%) 45 (69%) 24 (37%) 41 (63%)
  P-value 0.996  0.315  0.335
Tumor size       
  T1 84 (76%) 27 (24%) 30 (27%) 81 (73%) 48 (43%) 63 (57%)
  T2, T3, T4 122 (70%) 52 (30%) 44 (25%) 130 (75%) 72 (41%) 102 (59%)
  P-value 0.306  0.744  0.756
LN      
  + 117 (73%) 44(27%) 37 (23%) 124 (77%) 72 (45%) 89 (55%)
  - 89 (72%) 35 (28%) 37 (30%) 87 (70%) 48 (39%) 76 (61%)
  P-value 0.867  0.191  0.308
Stage      
  I 47 (72%) 18 (28%) 16 (25%) 49 (75%) 27 (42%) 38 (58%)
  II-IV 159 (72%) 61 (28%) 58 (26%) 162 (74%) 93 (42%) 127 (58%)
  P-value 0.996  0.778  0.916
Tumor grade      
  I 5 (63%) 3 (38%) 3 (38%) 5 (63%) 7 (88%) 1 (13%)
  II 147 (72%) 58 (28%) 52 (25%) 153 (75%) 82 (40%) 123 (60%)
  III 54 (75%) 18 (25%) 19 (26%) 53 (74%) 31 (43%) 41 (57%)
  P-value 0.717  0.757  0.029
Histological type      
  IDC 177 (73%) 67 (27%) 68 (28%) 176 (72%) 105 (43%) 139 (57%)
  IDC+ILC 21 (70%) 9 (30%) 5 (17%) 25 (83%) 11 (37%) 19 (63%)
  ILC 8 (73%) 3 (27%) 1 (9%) 10 (91%) 4 (36%) 7 (64%)
  P-value 0.958  0.139  0.739
Ki-67      
  + 146 (69%) 66 (31%) 60 (28%) 152 (72%) 80 (38%) 132 (62%)
  - 60 (82%) 13 (18%) 14 (19%) 59 (81%) 40 (55%) 33 (45%)
  P-value 0.028  0.125  0.011
Recurrence, metastasis and death       
  + 41 (68%) 19 (32%) 12 (20%) 48 (80%) 25 (42%) 35 (58%)
  - 165 (73%) 60 (27%) 62 (28%) 163 (72%) 95 (42%) 130 (58%)
  P-value 0.442  0.236  0.938

p-mTOR, phosphorylated mammalian target of rapamycin; p-4E-BP1, phosphorylated eukaryotic translation initiation factor 4E binding protein; 
p-S6K1, phosphorylated p70 ribosomal protein S6 kinase; BMI, body mass index; LN, lymph node; IDC, invasive ductal carcinoma; ILC, invasive 
lobular carcinoma.
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cancer cases. In addition, in a triple negative breast cancer 
(TNBC) study, the majority of tumors (72.1%) were shown to be 
p-mTOR positive (38). The present study also demonstrated that 
the phosphorylated, and therefore active, downstream molecules 
4E-BP1 and S6K1 were both highly expressed in breast cancer. 
Upon phosphorylation by mTOR, the binding protein and trans-
lational repressor 4E-BP1 releases the initiation factor eIF4E. 
Phosphorylation of 4E-BP1 disrupts its interaction with the 
eIF4E translation initiation factor, enabling eIF4E to bind to 
the cap structure at the 5' end of mRNAs, which subsequently 
promotes ribosomal recruitment and initiation of transla-
tion (15). Rojo et al (39) demonstrated that p-4EBP1 was the 
main mTOR signaling pathway factor associated with the prog-
nosis and grade of malignancy in breast tumors. Furthermore, 
p-4EBP1 was detected in both human epidermal growth factor 
(HER2)-positive and HER2-negative tumors.

mTOR phosphorylates p70S6K, which in turn leads to the 
phosphorylation of ribosomal protein S6, and subsequently 
to the translation of mRNA that encodes ribosomal proteins 
and elongation factors (40). In a tissue-array-based analysis, 
p-S6 expression was detected in 83% (116) of ductal carcinoma 
in situ (DCIS) and 94% (137) of invasive cancer samples, higher 
than the results of the present study. A statistically significant 
difference was reported between the percentage of DCIS 
cases overexpressing p‑S6 (47%; 54-116), and the percentage 
of invasive cancers overexpressing p‑S6 (72%; 99-137) (30).

mTOR is thought to be located predominantly in the 
cytoplasm and membrane fractions of cells. Little research has 
been conducted regarding whether the activated (phosphory-
lated) form of mTOR is also located in the same fractions. 

Although the mTOR protein can shuttle between the nucleus 
and cytoplasm (39,41), in the present study p-mTOR was 
predominantly located in the cytoplasm. This phenomenon 
may be due to the use of various cell types and antibodies. 
Korkolopoulou et al (42) previously reported that mTOR was 
predominantly detected in the cytoplasm-cell membrane, but 
was also occasionally detected in the nucleus, suggesting that 
the nuclear translocation of mTOR may have an important role 
in activating its cytoplasmic signaling. Zhang et al (43) showed 
that in human malignant cell lines, human fibroblasts, and 
murine myoblasts, mTOR is predominantly nuclear, but that 
in HEK293 human embryonic kidney cells mTOR is largely 
excluded from the nucleus. In HEK293 and Rh30 rhabdo-
myosarcoma cell hybrids that co-express markers unique to 
HEK293 (E1A) and Rh30 (MyoD), mTOR distribution was 
predominantly nuclear with detectable levels in the cytoplasm.

In the present study, both p-4E-BP1 and p-S6K1 were 
predominantly co-expressed in the nucleus and cytoplasm, 
and exclusive cytoplasm expression was significantly higher in 
cancerous tissue as compared with normal tissue. A previous 
study detected 4E-BP1 in cytoplasmic fractions in all cell 
lines, and nuclear localization of 4E-BP1 was confirmed 
in numerous cell lines and tissues; however, the mechanism 
underlying 4E-BP entry into the nucleus remains to be eluci-
dated (44). p70S6K is a nuclear cytoplasmic shuttling protein 
that is activated in the nucleus by mTOR, and relocalized 
to the cytoplasm following the initiation of mRNA transla-
tion (45). Therefore, it is not surprising that p-S6K1 may be 
located in the cytoplasm and/or nucleus (42,46). In addition, 
the downregulation of nuclear p-S6K1 has been reported to 
be involved in the growth, invasion, and metastasis of gastric 
cancer, and may be used to indicate the biological behaviors of 
gastric cancer in clinicopathological practice (47).

Although in the present study the majority of the samples 
that were positive for p-4E-BP1 and p-S6K1 expression 
were also positive for p-mTOR, positive p-mTOR was not 
significantly correlated with positive p‑4E‑BP1 and p‑S6K1. 

Table V. Comparison of the expression of p-mTOR, p-4E-BP1, 
and p-S6K1 between various nationalities.

Expression Uyghur Han P-value

p-mTOR in cancer   
  + 111 (54%) 95 (46%) 0.067
  - 33 (42%) 46 (58%) 
p-mTOR in normal tissue  
  + 83 (49%) 87 (51%) 0.485
  - 61 (53%) 54 (47%) 
p-4E-BP1 in cancer  
  + 46 (62%) 28 (38%) 0.020 
  - 98 (46%) 113 (54%) 
p-4E-BP1 in normal tissue  
  + 7 (29%) 17 (71%) 0.029
  - 137 (52%) 124 (48%) 
p-S6K1 in cancer   
  + 59 (49%) 61 (51%) 0.695
  - 85 (52%) 80 (48%) 
p-S6K1 in normal tissue  
  + 16 (32%) 34 (68%) 0.004
  - 128 (54%) 107 (46%) 

p-mTOR, phosphorylated mammalian target of rapamycin; p-4E-BP1, 
phosphorylated eukaryotic translation initiation factor 4E binding pro-
tein; p-S6K1, phosphorylated p70 ribosomal protein S6 kinase.

Table VI. Disease-free survival multivariate analyses.

Characteristic HR 95% CI P-value

Age 1.210 0.916-1.599 0.179 
Nationality 0.104 0.071-0.155 <0.001 
BMI 0.707 0.502-0.997 0.048 
Tumor size  0.845 0.554-1.289 0.434 
LN 1.192 0.817-1.740 0.362 
Stage 1.043 0.591-0.842 0.884 
Tumor grade 0.872 0.652-1.167 0.357 
Histological type 0.934 0.672-1.299 0.686 
Ki-67 0.577 0.398-0.836 0.004 
p-mTOR 0.787 0.571-1.085 0.143 
p-4E-BP1 0.978 0.694-1.378 0.898 
p-S6K1 2.029 1.431-2.876 <0.001 

p-mTOR, phosphorylated mammalian target of rapamycin; p-4E-BP1, 
phosphorylated eukaryotic translation initiation factor 4E binding protein; 
p-S6K1, phosphorylated p70 ribosomal protein S6 kinase; BMI, body 
mass index; LN, lymph node; HR, hazard ratio; CI, confidence interval.
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Figure 1. Immunohistochemistry of the breast cancer tumor samples. Typical tumor samples were stained with 3,3'-diaminobenzidine to stain the nuclei. 
(A and B) phosphorylated mammalian target of rapamycin (p-mTOR), (C and D) phosphorylated eukaryotic translation initiation factor 4E-binding protein 1 
(p-4E-BP1), and (E) and (F) phosphorylated p70 ribosomal protein S6 kinase 1 (p-S6K1) expression was determined. Scale bars, 100 µm.

Figure 2. Survival analysis on the expression of phosphorylated mammalian target of rapamycin (p-mTOR), phosphorylated eukaryotic translation initiation 
factor 4E-binding protein 1 (p-4E-BP1), and phosphorylated p70 ribosomal protein S6 kinase 1 (p-S6K1). 
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This may be the result of statistical differences, due to the 
lower rates of positive p-4E-BP1 and p-S6K1 expression. It 
is well established that mTOR-dependent phosphorylation of 
S6K1 is not linearly associated with to 4E-BP1 phosphoryla-
tion (48,49). The discrepancy between p-4E-BP1 and p-S6K1 
expression and p-mTOR expression that was observed in 
breast cancer may be an indication that p-4E-BP1 and p-S6K1 
are phosphorylated by other signaling pathways (50), and that 
the three proteins are topographically distinct.

Numerous studies (31,38,39,51-53) have reported the clinico-
pathological and prognostic significance of p‑mTOR, p‑4E‑BP1, 
and p-S6K1, and positive correlations between the presence of 
the proteins and negative prognosis have been reported. In the 
present study however, no statistically significant correlation 
was demonstrated between p-mTOR, p-4E-BP1, and p-S6K1 
expression and clinicopathologic variables.

A study on familial and sporadic invasive breast cancer 
showed that the expression of p-mTOR was correlated with 
lymph node status, and also had an overall negative impact on 
patient survival (31). Another study demonstrated that breast 
cancers exhibiting p-mTOR overexpression had a three times 
greater risk of disease recurrence (30). In addition, p-mTOR 
expression has been shown to be closely associated with poor 
prognosis in patients with cervical adenocarcinoma or hepa-
tocellular cancer (54,55). Zhou et al (56) demonstrated that 
high p-mTOR expression levels were associated with a poor 
disease free survival rate in 165 patients with breast cancer; the 
results of this study also showed that p-mTOR was positively 
correlated with HER2 overexpression. Bakarakos et al (31) 
detected p-mTOR expression by immunohistochemistry 
and imaging analysis in 44.2% of 215 invasive breast cancer 
samples, and demonstrated that p-mTOR was positively corre-
lated with lymph node status (P=0.010), and had a negative 
impact on survival (P=0.016). It appears that activation of the 
mTOR signaling pathway is associated with a more aggres-
sive phenotype in both TNBC and non-TNBC breast cancers. 
However, few reports have investigated the effects of p-mTOR 
on patient survival. Annovazzi et al (53) demonstrated that no 
statistically significant correlation existed between p‑mTOR 
and patient survival. In addition, Bose et al demonstrated the 
lack of a statistically significant correlation between p‑mTOR 
and tumor characteristics (30). In a TNBC study, the majority 
of tumors (72.1%) were p‑mTOR positive; however p‑mTOR 
expression did not correlate with age, tumor size, grade, lymph 
node status, or tumor stage (38).

Pelloski et al (57) demonstrated by univariate, but not 
multivariate, analysis that p-S6K1 was associated with reduced 
overall survival time. In addition, a previous study (58) showed 
that the p‑S6K1 marker was significantly correlated with 
survival, using both analysis types. This may be due to the 
fact that the percentage of p-S6K1-negative cases in the former 
study (6%) was lower than that of the latter study (44%), or due 
to the fact that Pelloski et al (57) included additional markers 
(namely, YKL-40 and phosphorylated-extracellular-regulated 
kinases) in their study, which exhibited more dominant 
molecular effects within the tumor cells. Furthermore, 
Korkolopoulou et al (42) did not report any association 
between p-S6K1 and patient survival, and the results of this 
study indicated that the immunostaining of p-4E-BP1 was 
nuclear. Although the underlying mechanisms of p-4E-BP1 

nuclear localization have yet to be clarified, there is evidence 
that eIF4E functions as a nuclear export regulator for numerous 
RNAs implicated in proliferation and cell growth (52). 
Korkolopoulou et al (42) also showed that p-4E-BP1 expression 
levels increased with tumor grade, whereas Ermoian et al (59) 
showed no correlation between the mRNA and protein expres-
sion levels of p-4E-BP1 (measured using immunoblotting) and 
glioma grade. p-4E-BP1 was shown to be the main signaling 
pathway factor associated with the prognosis and malignancy 
grade of breast tumors. Expression of p-4E-BP1 was corre-
lated with a high tumor proliferation rate (39).

In conclusion, the present study used immunohistochem-
istry to determine the activated components of the mTORC1 
signaling pathway. The results indicated that mTOR and its 
downstream signaling components were activated in invasive 
breast cancer. The location of these signaling components was 
not exclusive to the cytoplasm or nucleus; however, exclusive 
expression of p-4E-BP1 and p-S6K1 in the cytoplasm may 
be one of the characteristics of progressive breast cancer. 
p-mTOR, p-4E-BP1, and p-S6K1 did not show any statistically 
significant correlation with prognosis, the reasons for which 
require further investigation.
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