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Abstract: Autophagy is a protein degradation process within the cell and its deregulation has been linked to various 

diseases and the formation of cancer. Both mTOR and Beclin-1 are important proteins involved in the regulation of 

autophagy process and tumorigenesis. The aims of the study were to assess the expression of autophagic-related proteins 

in breast cancer tissues and normal breast tissues adjacent to the tumor. Immunohistochemical staining with anti-mTOR, 

anti-p-mTOR and anti-Beclin-1 antibody was carried out on tissue samples of 24 patients from our local hospitals. The 

results showed that mTOR and Beclin-1 proteins were present in both types of tissues in all the cases. However, a 

significant majority of the adjacent normal breast tissues were found to have stronger immunoreactivity towards 

phosphorylated mTOR (p-mTOR) as compared to the corresponding tumor tissues. Since increased expression of p-

mTOR is known to be correlated with tumorigenesis, this may indicate the presence of molecular changes in these cells 

adjacent to the tumor tissues. Patients with mTOR positive tumors may benefit from use of mTOR inhibitors as part of 

their pharmacotherapy management. 

Keywords: mTOR, p-mTOR, Beclin-1, breast cancer, immunohistochemistry. 

INTRODUCTION 

 Autophagy is a complex process involving dynamic 
rearrangements of membranes to deliver proteins and 
organelles from the cytoplasm to the vacuoles. It is a highly 
conserved degradation process and is responsible for the 
turnover of dysfunctional organelles and proteins [1, 2]. The 
process is crucial to maintain a well-controlled balance 
between anabolism and catabolism to facilitate normal cell 
growth and development. Autophagy is known to play 
essential role during starvation, cellular differentiation, cell 
death, cell survival, aging and tumor prevention [2-6]. In 
general, autophagy promotes survival to stress but there are 
evidences that if the process is over-stimulated, it can 
progress to cell death, which is often referred to as 
autophagic cell death [7]. Since autophagy is known to be 
regulated by several tumor suppressor proteins such as 
Beclin-1 and PTEN, it has been hypothesized that a decrease 
in autophagy may be associated with tumor progression [5, 
8, 9]. Furthermore, stimulation of autophagy in cancer cells 
was observed in response to anti-cancer treatments as well as  
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herbs, which indicates the potential utility of autophagic cell 
death induction in cancer therapy [4, 10-14]. The autophagy 
process is known to be regulated by both mTOR kinase and 
Beclin-1 tumor suppressor protein [15-24]. 

 The mammalian target of rapamycin, commonly known 
as mTOR, is a serine/threonine kinase which belongs to the 
family of phosphatidylinositol kinase-related kinase. It 
regulates translation and cell growth by its ability to 
phosphorylate both 4E-BP1 and p70s6k. Phosphoinositide 3 
kinase (PI3K) and Akt activation by growth factors leads to 
the activation of mTOR and subsequently phosphorylation of 
these substrates. Phosphorylation of p70s6k promotes 
ribosome biogenesis and increases the capacity of the 
translational machinery for protein synthesis [25]. 
Phosphorylation of 4E-BP1 initiates the transcription of a 
subset of mRNAs important for cell growth and proliferation 
[25-28]. The mTOR kinase is also a key regulatory 
component that controls the induction of autophagy [14, 29, 
30]. Inhibition of mTOR (by nutrient-depletion, starvation or 
rapamycin) leads to cell cycle arrest, inhibition of cell 
proliferation, immunosuppression and induction of 
autophagy. Increased levels of the mTOR kinase is found to 
inhibit the autophagy process, resulting in an increased in 
cell growth and tumor development [14]. Rapamycin, which 
inhibits the mTOR signaling pathways, induces autophagy 
and inhibits the proliferation of a variety of cells [31]. 
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 Beclin-1 is a 60 KDa tumor suppressor protein and is 
identified from a yeast two-hybrid screen as interacting with 
Bcl-2 [32]. Beclin-1 is found to be mono-allelically deleted 
in a high percentage of ovarian, breast and prostate cancers 
(based on the 17q21 and gene mapping studies). Reduced 
expression of Beclin-1 is associated with a reduced 
autophagic vacuole formation [33, 34]. Overexpression of 
Beclin-1 in MCF-7 human breast cancer cells is found to 
facilitate autophagy induced by serum and amino-acid 
deprivation, which indicates that Beclin-1 is a necessary 
regulator for autophagy [8]. Beclin-1 is known to bind to 
Class III P13K, which promotes the trafficking of lysosomal 
enzymes to the lysosomes, is an important step in the 
formation of autophagosomes [14]. Down-regulation of 
Beclin-1 expression has been implicated in carcinogenesis 
[35]. 

 Currently, the link between mTOR and beclin-1 is still 
unclear [36]. The role of these proteins and autophagy in 
tumorigenesis remain unclear as most observations and 
deductions were based on in vitro experiments. Therefore, it 
will be interesting to know the expression patterns of these 
autophagy-related proteins in human tumors. Beclin-1 and 
mTOR proteins may be potential diagnostic or prognostic 
markers in breast cancers. Thus, the main aim of the study 
was to evaluate the expression of mTOR, p-mTOR and 
Beclin-1 protein in breast cancer tissues and the 
corresponding normal tissues adjacent to the tumors. 

MATERIALS AND METHODOLOGY 

Tissue Samples 

 The present study was carried out on formalin-fixed 
paraffin-embedded tissue samples. Breast cancer tissues and 
corresponding adjacent non-cancerous tissues were obtained 
from 24 breast cancer patients who had undergone tumor 
resection at Seberang Jaya Hospital and Kepala Batas 
Hospital, Pulau Pinang, Malaysia. The tissue samples were 
obtained from 17 patients with invasive ductal carcinoma, 2 
patients with medullary carcinoma, 2 patients with ductal 
carcinoma in situ (DCIS), 2 patients with invasive combined 
ductal and lobular carcinoma and 1 patient with signet-ring 
carcinoma. Data on patient’s age, tumor receptor status (ER, 
PR and C-erb), clinical stage and tumor grade was obtained 
from the hospital records. This study was approved by the 
School of Medical Sciences, Universiti Sains Malaysia 
Ethical Committee Board and informed consent was 
obtained from each patient before the acquisition of these 
tissues. The haematoxylin and eosin-stained slides were 
reviewed by one independent pathologist. Histological 
grading of the breast cancer was based on the Modified 
Bloom–Richardson Grading Scheme. 

Reagents and Antibodies 

 Rabbit monoclonal anti-mTOR and anti-p-mTOR 
(Ser2448) antibody was purchased from Abcam, Inc., (UK) 
and Cell Signaling Technology, Inc., (USA), respectively. 
Rabbit polyclonal anti-Beclin-1 was obtained from Santa 
Cruz Biotechnology, Inc., (USA). Rabbit IgG was purchased 
from Sigma-Aldrich, Inc., (USA). Dako REAL

™
 EnVision

™
 

Detection Kit (Peroxidase/DAB rabbit/mouse), target 
retrieval solution and antibody diluent were purchased from 
Dako Cytomation (Denmark). As negative control, rabbit 

IgG (Sigma Aldrich, USA) was used instead of primary 
antibody. Human breast cancer slides known to express 
mTOR, p-mTOR or Beclin-1 were used as positive controls 
in all experiments. 

Immunohistochemistry Detection in Tissues 

 Deparaffinization of the tissue sections (3 m) was 
carried out by heat treatment at 60

0
C for 30 min. This was 

followed by rehydration of the slides through a series of 
graded alcohol to water. Endogenous peroxidase activity was 
blocked by incubating the sections in two changes of 3% 
(v/v) H2O2 in phosphate buffered saline (PBS) (pH 7.4) at 
room temperature. Antigen retrieval using Target Retrieval 
Solution, pH 9.0 (Dako, Denmark) was performed according 
to manufacturer’s procedures. Immunohistochemistry 
procedures and antibody titration was carried out using Dako 
REAL

™ 
EnVision

™
 Detection System, (Dako, Denmark). 

Briefly, the slides were rinsed with PBS for 5 min, and non-
specific antibody binding was blocked by incubation of the 
tissue slides with horse serum before proceeding to the 
primary antibodies. Immunostaining was visualized using 
DAB chromogen (Dako, Denmark). Positive staining to the 
proteins was recognized under light microscope as a diffuse 
cytoplasmic brown color stain. Sections were counterstained 
with Mayer’s haematoxylin solution. Replacement of the 
primary antibody with rabbit IgG was used as negative 
control in each batch of experiment and was run in parallel. 

Assessments of mTOR, p-mTOR and Beclin-1 
Immunostaining and Statistical Analysis 

 Assessments of the immunostaining were carried out by a 
pathologist and a researcher, trained in immunohistochemistry 
methods. A consensus opinion was arrived on the intensity 
of staining and percentage of cells stained. The percentage of 
positively stained cells was also determined by counting a 
minimum of 100 cells, and the average counts were 
recorded. The staining intensity was graded as absent (-) or 
present either as weak (+), moderate (++) or strong (+++). 
The optimized dilution for the primary antibodies was 
determined at 1:50 for mTOR and p-mTOR and 1:100 for 
Beclin-1. Pearson Chi Square Test was used to examine the 
association between categorical characteristics. Non-
parametric Wilcoxon Signed Rank Test was used to 
determine the differences in the expression levels (based on 
semi-quantitative scores; + = 1, ++ = 2, +++ = 3) of mTOR, 
p-mTOR and Beclin-1 in tumor and corresponding normal 
tissues, respectively. P-values of less than 0.05 were 
considered significant. Statistical analysis was performed 
using SPSS version 15.0 for Windows (SPSS Inc., USA). 

RESULTS 

 In this study, mTOR and Beclin-1 protein expression was 
successfully evaluated using immunohistochemistry method 
in a total of 24 cases of breast cancer tissues and 
corresponding normal tissues adjacent to the tumors. 
However, as for p-mTOR protein, only 20 of 24 cases were 
evaluated (missing data for 4 cases). The 
immunohistochemical results for mTOR, p-mTOR and 
Beclin-1 expression and clinicopathological parameters are 
summarized in Table 1. 

 All three proteins, namely, mTOR, p-mTOR, and Beclin-
1 were observed in the cytoplasm of tissues that were stained 
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positive. The percentage of cells stained positive for all three 
proteins were found to be more than 90% in all tissues. 
Negative control slides produce absent staining for all three 
proteins in all experiments. A co-expression of all three 
proteins (mTOR, p-mTOR and Beclin-1) was found in 18 
(75%) cases of both tumor and normal tissues. mTOR and 
Beclin-1 staining was positive in all 24 carcinomas and 
corresponding non-tumor tissues. Of the entire breast tumor 
tissues analyzed, 21 of 24 (87.5%) cases exhibited strong 
mTOR expression while the rest showed moderate 
expression. In comparison with the adjacent non-tumor 
tissues, only 17 of 24 (70.8%) and 7 of 24 (29.1%) of the 
cases exhibited strong and moderate staining intensity 
respectively. However, only 5 of 24 (20.8%) of the tumors 
expressed the mTOR protein strongly (3+) as compared to 
the corresponding normal tissues (2+). There were no 
significant differences in mTOR staining pattern between 
normal and tumor tissues. 

 As for Beclin-1 protein, 16 of 24 (66.7%) of the tumor 
tissues expressed the protein strongly while the rest (8 of 24, 
33.3%) were of moderate expression. By contrast, more 
normal tissues (18/24, 75%) expressed the protein strongly, 
5/24 (20.8%) moderately, while a single case showed a weak 
expression. However, only 5 of 24 (20.8%) cases exhibited 
stronger (3+) Beclin-1 expression as compared to their 
corresponding normal tissues (2+). There were no observed 
differences in the Beclin-1 staining pattern between normal 
and tumor tissues. 

 mTOR and Beclin-1 protein were found to be expressed 
in both tumor and adjacent normal tissues. Interestingly, only 
1/20 of the tumor tissues showed a strong p-mTOR 
expression while 9 of 20 (45%) and 8 of 20 (40%) of the 
cases exhibited moderate and weak expression, respectively. 
Two tumor tissues (IDC, SRC) were tested negative for this 
protein but its adjacent normal tissues were found to express 
the protein strongly. Unexpectedly, all 20/20 adjacent 

Table 1. Clinicopathological Data and Autophagy-Related Proteins Expression in Breast Cancer and Corresponding Adjacent 

Normal Breast Tissues 

 

mTOR p-mTOR Beclin-1 
Case  

Number 
Sex Age Diagnosis Grade Stage ER PR C-erb 

Tumor 
Adjacent 

Normal 
Tumor 

Adjacent 

Normal 
Tumor 

Adjacent 

Normal 

1 F 74 ICDLC II III + + + +++ +++ + +++ +++ +++ 

2 F 41 IDC III IV + + +++ ++ ++ + +++ +++ +++ 

3 F 45 IDC I III + - +++ +++ +++ ++ +++ +++ +++ 

4 F 48 IDC III II - - +++ +++ +++ +++ +++ +++ +++ 

5 F 50 MC III II ND ND ND +++ ++ + +++ ++ ++ 

6 M 43 IDC III II + - +++ +++ +++ ++ +++ +++ +++ 

7 F 34 IDC III III ND ND ND +++ +++ + +++ ++ +++ 

8 F 62 DCIS ND 0 - - +++ +++ +++ ++ +++ +++ ++ 

9 F 45 IDC ND II + + + +++ +++ ++ +++ ++ +++ 

10 F 37 IDC II III + - ++ +++ ++ ++ +++ +++ ++ 

11 F 46 IDC II II + + ++ +++ +++ ++ +++ +++ +++ 

12 F 74 MC III II - - + +++ +++ + +++ +++ +++ 

13 F 62 IDC III III ND ND ND +++ ++ + +++ ++ ++ 

14 F 44 IDC I II + + +++ ++ ++ ++ +++ +++ +++ 

15 F 33 DCIS ND II - - ND +++ +++ ++ +++ +++ +++ 

16 F 47 IDC I III + + + +++ +++ ++ +++ ++ +++ 

17 F 59 IDC III III - - +++ +++ +++ + +++ +++ +++ 

18 F 48 IDC II III - - + +++ +++ - +++ ++ +++ 

19 F 27 SRC III IV + - +++ +++ +++ - +++ ++ +++ 

20 F 53 ICDLC II III + + +++ +++ ++ + +++ ++ + 

21 F 48 IDC II I + + + +++ ++ ND ND +++ ++ 

22 F 41 IDC II III + + +++ +++ +++ ND ND +++ +++ 

23 F 37 IDC II III + + +++ +++ +++ ND ND +++ +++ 

24 F 61 IDC II IV + + ++ ++ +++ ND ND +++ +++ 

+, weak stained; ++, moderate stained; +++, strong stained; -, negative stain; ND, undetermined; IDC,invasive ductal carcinoma; DCIS, ductal carcinoma in situ; MC. Medullary 
carcinoma; SRC, signet-ring carcinoma; ICDLC, invasive combined ductal and lobular carcinoma. 

The clinical data presented in the table were obtained from patients’record (Hospital Seberang Jaya and Hospital Kepala Batas, Pulau Pinang, Malaysia). 
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normal tissues expressed p-mTOR protein strongly in 
comparison with the tumor tissues which showed only weak 
to moderate in staining. There was a statistical difference in 
p-mTOR expression between tumor and normal tissues (p < 
0.05). A higher number of adjacent normal tissues appeared 
to express the phosphorylated form of mTOR more strongly 
than the corresponding tumor tissues. 

 No significant association was found between mTOR, p-
mTOR and Beclin-1 protein expression and patients’ 
clinicopathological parameters, such as age group, tumor 
grade, clinical stage and receptor status. Representative 
images from tissue samples expressing proteins of different 
staining intensity are shown in Fig. (1) (mTOR) and Fig. (2) 
(p-mTOR) and Fig. (3) (Beclin-1), respectively. 

DISCUSSION 

 Breast cancer is a very heterogeneous tumor and the 
pathogenesis of this cancer is multi-factorial. However, 
studying molecular changes may help in the identification of 
certain subgroups with specific behavior, which will further 
contribute to a better understanding of tumor progression and 
subsequently individualized pharmacotherapy. The mammalian 
target of rapamycin (mTOR) is a protein kinase that is 
centrally involved in the control of cancer cell metabolism, 
growth, proliferation and autophagy. The mTOR pathway 
has attracted broad scientific and clinical interest, 
particularly in light of the ongoing clinical cancer trials with 
mTOR inhibitors. Deregulated signaling of mTOR, Beclin-1 
and aberrant autophagy process has been linked to tumor 
progression [37, 38]. 

 Immunohistochemistry method was used to detect the 
expression of mTOR, p-mTOR and Beclin-1 proteins in both 
tumor and adjacent normal breast tissues of our Malaysian 
patients. The preliminary results showed that both tumor and 
adjacent normal tissues (100%) expressed the mTOR and 
Beclin-1 protein, producing weak to high staining intensity. 
There were no observed differences in the expression pattern 
between the two groups of tissues as both tumor and adjacent 
normal tissues appeared to express the protein similarly. By 
contrast, a vast majority of the normal tissues were found to 
express the activated form of mTOR (p-mTOR) protein at a 
higher staining intensity as compared to their corresponding 
tumor tissues, even though the expression of mTOR in both 
types of tissues was of moderate to strong. The relatively 
higher expression of p-mTOR in these normal tissues may 
suggest the presence or onset of molecular changes. 

 Our preliminary results were different from other 
published studies. Zhou and co-workers examined 165 breast 
cancers with specific

 
antibody for phosphorylated mTOR

 

using immunohistochemistry, cell culture and western blot 
techniques [39]. They found that the expression of p-mTOR 
protein was increased from normal breast

 
epithelium to 

hyperplasia and abnormal hyperplasia to tumor
 

invasion. 
Higher levels of p-mTOR were associated with poor disease-
free survival. The overall results supported the trend that 
phosphorylation of mTOR increases with the progression of 
tumor. Another study, Lin and co-workers examined mTOR 
phosphorylation status in tissue microarray slides containing 
89 invasive breast cancer tissues as well as six normal 
mammary tissues by using immunohistochemistry staining.  
 

(A) 

 

(B) 

 

(C) 

 

(D) 

 

Fig. (1). Representative immunohistochemical staining of mTOR 

protein in breast cancer tissues and corresponding adjacent normal 

breast tissues. (A, B), moderate and strong expression for mTOR in 

breast cancer tissues; (C, D), moderate and strong expression for 

mTOR in adjacent normal breast tissues; None of the tissues 

produced weak staining (200 x magnification). 
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(A) 

 

(B) 

 

(C) 

 

(D) 

 

Fig. (2). Representative immunohistochemical staining of p-mTOR 

protein in breast cancer tissues and corresponding adjacent normal 

breast tissues. (A, B, C), weak, moderate and strong expression for 

p-mTOR in breast cancer tissues; (D) strong expression for mTOR 

in adjacent normal breast tissues. None of the normal tissues 

produced weak or moderate staining (200 x magnification). 

(A) 

 

(B) 

 

(C) 

 

(D) 

 

(E) 

 

Fig. (3). Representative immunohistochemical staining of Beclin-1 

protein in breast cancer tissues and corresponding adjacent normal 

breast tissues. (A) and (B), moderate and strong expression for 

Beclin-1 in breast cancer tissues; (C, D, E) weak,  moderate and 

strong expression for Beclin-1 in adjacent normal breast tissues. 

None of the tumor tissues produced weak staining (200 x 

magnification). 
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Elevated phosphorylation of mTOR was highly associated 
with invasive breast tumors [40]. In both studies above, the 
sources of the normal tissues were not obtained directly from 
the corresponding tissues adjacent to the tumor tissues. In 
short, the samples used in this study are paired whereas the 
ones used by the above studies were not. Furthermore, the 
limitation of sample size could have also contributed to the 
differences in results. 

 As for the Beclin-1 protein, both tumor and adjacent 
normal tissues expressed the protein similarly, producing 
weak to high intensity staining. Since all samples expressed 
the protein, there was no observed association between the 
expression of this protein and patient’s clinicopathological 
parameters. The results in this study were also different from 
some published data. Beclin-1 was found to be mono-
allelically deleted in 40-75% of human breast cancers [8]. Its 
expression was found to be low in human breast epithelial 
carcinoma cell lines and tissues, as compared to normal 
breast epithelia [8]. Another study which examined the 
expression of Beclin-1 in 11 gastric cancers and adjacent 
non-cancerous gastric mucosa using RT-PCR and western 
blot showed that the mRNA and protein expression of 
Beclin-1 was lower in cancer tissues as compared to non-
cancerous tissues [41]. These findings suggested that a 
decrease in the expression of autophagy proteins such as 
Beclin-1 may contribute to the progression of breast and 
other human cancers. However, Beclin-1 was found to be 
expressed in all the 24 tumors analyzed in this local study. 
This results actually concurred with a recent finding that 
mentioned that the expression of beclin-1 was detected in 
95% of colorectal carcinomas and 83% of gastric carcinomas 
examined. The authors even further suggested that beclin-1 
inactivation by loss of expression may not occur in 
colorectal and gastric carcinomas [42]. Therefore, it is not 
surprising that Beclin-1 expression is present in these breast 
cancer tissues. 

 There may be several possible reasons why more normal 
breast tissues were found to express the activated form of 
mTOR (p-mTOR) protein at a higher staining intensity as 
compared to their corresponding tumor tissues, even though 
the expression of mTOR in both types of tissues was of 
moderate to strong in intensity. This may suggest the 
presence or onset of molecular changes in these tissues 
adjacent to the tumors. Therefore, these tissues may not be 
entirely normal, despite morphologically defined as normal. 
Many studies have examined possible genetic alterations 
adjacent to precancerous and cancerous lesions [43, 44]. 
Lydiatt and co-workers have found that there was clonality 
relationship between dysplasias and normal tissue adjacent 
to tumor in approximately half of the tested cancers [45]. 
Other studies have demonstrated a 43% concordance 
between tumors and adjacent pre-malignant tissues by using 
microsatellite analysis [46]. Another interesting study 
examined the reliability of histological diagnosis of 
clinically normal intra-oral tissue adjacent to clinically 
suspicious lesions in the upper aerodigestive tract of cancer 
patients [47]. According to the study, the authors noted that 
histological diagnosis of clinically normal oral specimens 
adjacent to suspicious tissues has low reliability. All these 
studies suggested that tissues surrounding the malignancy 
have already possessed molecular alterations. Therefore, 
using normal tissues adjacent to the tumor tissues as 

comparison to cancer tissues in experiments may produce 
aberrant results. 

 In conclusion, Beclin-1 and mTOR protein is present in 
all breast tumor tissues as well as the corresponding normal 
tissues used in this study. There was no observed 
relationship between the expression of mTOR, p-mTOR, 
Beclin-1 and clinicopathological parameters. Majority of the 
adjacent normal tissues have exhibited stronger expression 
of p-mTOR protein compared to the corresponding tumor 
tissues. Since p-mTOR activity is linked to the progression 
of cancer, the presence of an increased activity of p-mTOR 
in these normal tissues may be a conditioning factor for the 
cells to undergo morphological changes. However, this 
would need further verification. The strong expression of 
mTOR in the tumor and surrounding tissues coupled with the 
strong expression of Beclin-1 gave no information which 
may link these two proteins to breast cancer development. 
Patients with mTOR positive tumors may benefit from use of 
mTOR inhibitors as part of their pharmacotherapy 
management 
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