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Abstract: The mammalian target of rapamycin (mTOR) plays an important role in cell growth, proliferation, and me-
tabolism. Some studies have associated phosphorylated mTOR (p-mTOR) expression with worse outcome in breast
cancers. However, the significance of p-mTOR expression specifically in triple negative breast carcinoma (TNBC) is
unknown. In this study, p-mTOR expression was evaluated by immunohistochemistry in 172 TNBCs and the result
was correlated with clinicopathologic variables and disease outcome. The majority of tumors (72.1%) were p-mTOR
positive; p-mTOR expression did not correlate with age, tumor size, grade, lymph node status, or tumor stage. In
patients at stage 1 and 2 disease, those with p-mTOR expression had significantly worse overall as well as recur-
rence-free survival compared to those without p-mTOR expression. p-mTOR expression appears to be an adverse
prognostic indicator in early-stage TNBCs. The assessment of p-mTOR expression in these tumors may also help to

stratify patients for future target therapy studies.
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Introduction

Breast cancer is a heterogeneous disease con-
sisting of distinct groups that are recognized by
their specific morphological, immunohisto-
chemical, and molecular characteristics, as
well as different biological behaviors and clini-
cal outcomes [1-4]. Triple negative breast can-
cer (TNBC) is defined by the lack of estrogen
receptor (ER) -alpha, progesterone receptor
(PR), and human epidermal growth factor
receptor 2 (Her2) amplification; it constitutes
10-17% of all breast cancers, affects younger
patients, and is generally associated with a
more aggressive clinical behavior and worse
prognosis [5-7]. The role of targeted therapeu-
tic options is currently unknown for this group
of tumors and there is no recommended stan-
dard or specific regimen of chemotherapy. A
recent study analyzed the gene expression pro-

files of 587 cases of TNBC and identified 6
TNBC subtypes with putative molecular targets
[8], thus demonstrating the heterogeneity of
TNBC. A number of studies for TNBC have been
conducted in an attempt to identify potential
markers, such as Akt [9], PTEN [10] and SRC
[11], that may carry implications for prognosis
or targeted drug therapies.

The mammalian target of rapamycin (mTOR) is
a serine/threonine kinase which regulates cell
growth, proliferation, and metabolism in
response to growth factors, hormones, nutri-
ents, hypoxia, and energy (ATP) [12]. mTOR is
activated by phosphorylation of Ser2448
through the phosphatidylinositol 3-kinase
(PI3K)/Akt signaling pathway [13]. It belongs to
the family of phosphatidylinositol kinase-relat-
ed kinase (PIKK) [14]. Alterations leading to
mTOR activation results in increased protein
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biosynthesis, cell growth, and tumor develop-
ment [15]. Mutations in the PIK3CA gene, PTEN
loss and aberrant activation of AKT are altera-
tions that have been described in breast can-
cers [16, 17]. mTOR controlling cell growth and
translation by phosphorylation of two major tar-
gets, including ribosomal S6 kinase 1(S6K1)
and 4E-BP family, subsequently leads to the
translation of mRNA encoding ribosomal pro-
teins and elongation factors and the promotion
of ribosome recruitment and initiation of trans-
lation, respectively [18, 19]. Inhibition of trans-
lation initiation through targeting the mTOR-
signaling pathway has emerged as a promising
therapeutic option. Moreover, it has been
shown that mTOR activation caused by either
PTEN mutation or AKT overexpression is par-
ticularly susceptible to mTOR inhibitors [20,
21]. Therefore, various components of these
important pathways have gained much atten-
tion in recent years, because of their potential
to act as attractive targets for therapy and as
markers for predicting disease behavior and
outcome in a variety of cancers including
breast, ovarian, colon, pancreatic, and gastric
cancers [13, 22-26]. However, the related stud-
ies on breast cancer mainly pertain to breast
cancers in general. A study on familial and spo-
radic invasive breast carcinomas showed that
the expression of phosphorylated mTOR
(p-mTOR), the activated form of mTOR, had a
positive association with lymph node status
and a negative impact on patients’ overall sur-
vival [26]. Another study found that breast can-
cers with mTOR overexpression had a three
times greater risk for disease recurrence [25].
Very limited data is available in the literature on
mMTOR expression specifically in TNBCs. To date,
there are only few studies that shed light on the
role of mMTOR in TNBC [10, 27, 28], but no inves-
tigation pertaining to the relationship of p-mTOR
expression with disease outcome of TNBC has
been performed. Our study is the first to assess
the expression of p-mTOR in TNBC from a large
cohort of 172 patients and to correlate the
results with clinicopathologic parameters and
disease outcome.

Materials and methods

A total of 177 patients with TNBC were identi-
fied within a period of 4 years. TNBC was
defined as invasive breast carcinoma with neg-
ative ER, PR, and Her2 immunostain results.
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Clinicopathologic data, including age at opera-
tion, tumor size, tumor grade, lymph node sta-
tus, TNM stage, follow-up time until death, loss
of follow-up, or until December 31, 2009 were
recorded and recurrence or metastasis was
noted. Hematoxylin and eosin stained tissue
sections as well as ER, PR, and Her2 immunos-
tains of the tumors were retrieved from the
pathology archives and reviewed by two pathol-
ogists (Hsueh S. and Ueng S.H.). Tumor grade
was assessed according to the Nottingham
combined histologic grading system [29]. ER,
PR and Her2 immunostains were reviewed and
evaluated according to the recommended
guidelines of the College of American
Pathologists [30, 31]. Only Her2 immunostain
negative cases were included. In-situ hybridiza-
tion for Her2 was not performed. Discrepant
results were resolved by consensus review. The
clinical stage was defined according to the
2002 American Joint Committee on Cancer cri-
teria [32].

Immunohistochemical detection of phospho-
mTOR

Formalin-fixed  paraffin-embedded  tissue
blocks of the tumors were retrieved from the
archives and one representative tissue block
was chosen for each tumor.
Immunohistochemical stains for p-mTOR were
performed on formalin-fixed, paraffin-embed-
ded sections (5um thick) using bond polymer
detection system and bond automated machine
with polymer refine kit. The monoclonal rabbit
anti-p-mTOR (Ser2448)( 49F9) antibody ( Cell
Signaling, Danvers, MA, USA) was applied at a
dilution of 1:100. After deparaffinization, anti-
gen retrieval was performed with ER2 buffer
(Leica). Sections were incubated with primary
antibodies at room temperature for 60 min-
utes, followed with polyhorseradish peroxidase
(HRP) anti-rabbit IgG reagent to localize the pri-
mary antibody, and diaminobenzidine (DAB)
was used to visualize the complex. Then the
sections were counterstained with hematoxy-
lin, dehydrated, cleared, and mounted. Prostate
adenocarcinoma tissue served as the positive
control. Negative controls were performed by
omission of the primary antibody. Nonneoplastic
stroma served as an internal negative control
for each slide. Assessment of p-mTOR immuno-
histochemical stains was carried out indepen-
dently by two pathologists (Hsueh S. and Ueng
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Table 1. Clinicopathologic characteristics of 172
patients with TNBC

Variables No. of cases (%)
Age

<45 65 (37.8)

>45 107 (62.2)
Tumor size

<2cm 47 (27.3)

>2.cm 125 (72.7)
Tumor grade

1 0(0)

2 11 (6.4)

3 161 (93.6)
Lymph node status

Negative 92 (53.5)

Positive 80 (46.5)
Tumor stage

land 2 125 (72.7)

3and 4 47 (27.3)
p-mTOR

Negative 48 (27.9)

Positive 124 (72.1)

Cytoplasmic positive only 100 (568.1)

Cytoplasmic and nuclear positive 24 (14.0)

S.H.) without prior knowledge of any clinical
information during assessment. Discrepant
results were resolved by consensus review.
Staining was scored as O if all cancer cells
showed no staining, 1 if staining was faint and
present in 5-50% of the tumor cells or if stain-
ing was moderate to strong and present in
1-10% of the tumor cells, and 2 if staining was
faint in >50% of cells or staining was moderate
to strong in >10% of cells. Either nuclear stain-
ing or cytoplasmic staining was considered
positive. A score of O was regarded as negative,
score 1 as low expression, and score 2 as high
expression; both scores 1 and 2 were regarded
as positive in the statistical analysis.

Statistical analysis

Statistical analysis was done using the SPSS
statistical program for windows (version 17.0;
SPSS, Chicago, USA). The association of
p-mTOR expression with clinicopathologic
parameters was analyzed using the chi-square
test. The Kaplan-Meier method was used to
describe the overall survival time and disease
free survival time and statistical significance of
the difference in survival times was evaluated
by the log-rank test. Comparisons were consid-
ered significant at P < 0.05.
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Results

Of the 177 TNBCs that underwent p-mTOR
immunostaining, 5 yielded suboptimal results
due to excessive tissue fragmentation and
were, therefore, excluded in the final analyses
of 172 tumors. The 172 patients were all
female. The median age at the time of diagno-
sis was 47.0 yr (range, 29-79 yr). All underwent
surgical resection of tumor with axillary lymph
node dissection. None of the patients received
preoperative chemotherapy or preoperative
radiotherapy. Follow-up time ranged from 5.75
to 119.28 months (mean 68.84 months).
Review of the available histologic and immu-
nostained slides confirmed that all of the
tumors were negative for ER, PR, and Her2 by
immunohistochemistry. One hundred and fifty
seven (91.3%) tumors were invasive ductal car-
cinomas of no special type. Invasive carcino-
mas with special features included 5 (2.9%)
invasive ductal carcinomas with prominent
apocrine features, 4 (2.3%) medullary carcino-
mas, 4 (2.3%) metaplastic carcinomas, 1
(0.6%) invasive mixed ductal and lobular carci-
noma, and 1 (0.6%) adenoid cystic carcinoma.
Clinicopathologic characteristics are shown in
Table 1. There were 65 (37.8%) patients of age
less than 45 years and 107 (62.2%) patients
who were 45 years or older. Tumor size varied
from 0.8 to 17.0 cm (median 2.5); 47 tumors
were 2 cm or less in size and 125 tumors were
larger than 2 cm. There were 11 (6.4 %) grade
2 tumors, 161 (93.6%) grade 3 tumors, and no
grade 1 tumors. Eighty (46.5%) patients had
lymph node metastasis while 92 (53.3%) had
no metastatic nodes. There were 125 (72.7%)
early-stage (defined as stages 1 and 2) tumors
and 47 (27.3%) advanced-stage (defined as
stages 3 and 4) tumors. Adjuvant chemothera-
py was given to most patients except post-
menopausal women with tumor size less than
1 cm and without lymph node metastasis.
Adjuvant radiotherapy was given to patients
who received breast-conserving surgery, whose
tumors were larger than 5 cm, or who had more
than ten positive axillary nodes. Disease-free
survival varied between 2.76 and 119.28
months (median 72.72, mean 62.66), and over-
all survival ranged from 5.75 to 119.28 months
(median 76.87, mean 68.84).

There was heterogeneous expression of
p-mTOR in the nuclei and/or cytoplasm of the
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Figure 1. p-mTOR expression in triple negative breast carcinoma with strong (A) , moderate (B), weak (C), and nega-
tive immunoreactivity (D).

Table 2. Association of p-mTOR with clinicopathologic variables

Variables Negative Positive Cytoplasmic positive only ~ Nuclear and cytoplasmic positive
No. (%) No. (%) P value No. (%) P value No. (%) P value
Age NS NS NS
<45yr 20(30.8) 45(69.2) 36 (55.4) 9(13.8)
>45 yr 28 (26.2) 79(73.8) 64 (59.8) 15 (14.0)
Tumor size NS NS NS
<2cm 13 (27.7) 34 (72.3) 23 (48.9) 11 (23.4)
>2.cm 35(28.0) 90 (72.0) 77 (61.6) 13 (10.4)
Tumor grade NS NS NS
1 0 (0) 0 (0) 0 (0) 0 (0)
2 1(9.1) 10 (90.9) 6 (54.5) 4 (36.4)
3 47 (29.2) 114 (70.8) 94 (58.4) 20 (12.4)
Lymph node NS NS NS
Negative 27 (29.3) 65(70.7) 52 (56.5) 13 (14.1)
Positive 21(26.3) 59 (73.8) 48 (60) 11 (13.8)
Tumor stage NS NS NS
land 2 34 (27.2) 91(72.8) 74 (59.2) 17 (13.6)
3and 4 14 (29.8) 33(70.2) 26 (55.3) 7 (14.9)
NS: not significant.
tumor cells. Forty eight tumors (27.9%) were showed variable positive staining for p-mTOR in
negative for p-mTOR while 124 (72.1%) tumors mild, moderate to strong intensity (Figure 1A,
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B, and C). P-mTOR was located exclusively in
the cytoplasm in 100 (58.1%) samples and it
was also located in the nucleus in 24 (14.0%).
There were 69 (40.1%) p-mTOR score 1 tumors
and 55 (32.0%) p-mTOR score 2 tumors.
Nuclear and cytoplasmic p-mTOR expression
did not correlate with the clinicopathologic vari-
ables investigated (Table 2). In patients who
had early-stage (stages land 2) tumors, those
with p-mTOR positivity showed worse overall
survival (P=0.001) as well as worse recurrence-
free survival (P=0.004) compared to those
without p-mTOR positivity (Figure 2). For the
early-stage group, the 5-year overall survival in
p-mTOR positive patients and negative patients
was 76.9% as opposed to 100%, and the 5-year
recurrence-free survival in p-mTOR positive
patients and negative patients was 71.4% as
opposed to 94.1%. This difference was not
observed in advanced-stage (stages 3 and 4)
patients.

Discussion

The only option of treatment for TNBCs is che-
motherapy, however, there is no targeted regi-
men for the time being. Although TNBCs have
been reported to respond to neoadjuvant che-
motherapy [33, 34], the survival of patients
with these tumors remains poor [34, 35].
Clearly, there is a need for targeted therapies
for TNBC but the outline of molecular events
involved in the growth of these tumors is still
obscure.

Our study suggests that TNBC patients may
benefit from mTOR inhibitors since the majority
of TNBCs (72.1%) showed positive immunos-
taining for p-mTOR. No significant relationship
was found between p-mTOR expression and
clinicopathologic variables, however, p-mTOR
expression was found to correlate with overall
survival and disease-free survival in early-stage
(stages 1 and 2) TNBCs. In the early-stage
group, patients with tumors negative for
p-mTOR had significantly better survival than
those with tumors positive for p-mTOR. It was
noted that survival time for patients with early-
stage TNBCs did not differ significantly between
the groups of high p-mTOR expression (score 2)
and low expression (score 1); and that both
high and low p-mTOR positive TNBCs showed
significantly worse survival compared to
p-mTOR negative TNBCs. Likewise, the survival
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time did not differ significantly between tumors
with exclusive cytoplasmic expression and
those with both cytoplasmic and nuclear
expression.

Our results are in agreement with some previ-
ous studies of p-mTOR expression in breast car-
cinomas in general [25, 26, 36]. Zhou et al.
found that higher levels of p-mTOR expression
was associated with a poor disease free sur-
vival in 165 breast carcinomas; they also dis-
covered that p-mTOR was positively associated
with Her2 overexpression [36]. In another study
that evaluated protein expression in 145 inva-
sive breast cancers and 140 ductal carcinomas
in-situ (DCIS) by immunohistochemistry on tis-
sue microarray, the Akt pathway was found to
be activated early in the in-situ stage, and can-
cers with mTOR overexpression showed a three
times greater risk for disease recurrence [25].
Bakarakos et al. detected p-mTOR expression
by immunohistochemistry and imaging analysis
in 44.2% of 215 invasive breast carcinomas
and found that p-mTOR showed a positive asso-
ciation with lymph node status (P = 0.010) and
had a negative impact on patients’ overall
survival (P = 0.016) [26]. It appears that activa-
tion of the mTOR pathway is related to a more
aggressive phenotype in both TNBC and non-
TNBC breast cancers.

It is already known that aberrant activation of
the PI3K/Akt/mTOR pathway is involved in the
oncogenesis and progression of breast cancer
[23-26], and in-vitro, in-vivo, as well as preclini-
cal studies of drug therapies targeting constitu-
ents of this particular pathway have shown sig-
nificant benefit for certain subsets of breast
cancer [20, 23, 37, 38]. Most published data
regarding p-mTOR in breast carcinomas have
been derived from studies of breast cancers in
general. With respect to TNBCs, there is scant
information in the literature concerning the
p-mTOR status in these tumors. One study of
basal-like breast carcinoma (BLBC) found the
PI3K pathway to be activated and up-regulated
to a higher extent in 13 BLBCs compared with
11 Her2 positive tumors, shown by a signifi-
cantly increased activation of the downstream
targets Akt and mTOR by western blotting [10].
Another study regarding the PI3K pathway in
TNBC utilized immunohistochemistry and
immunoblotting to demonstrate the higher
level of pAkt and the significantly greater ratio
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Figure 2. Kaplan-Meier survival curves for triple negative breast cancer patients according to p-mTOR positivity
(green color line) and p-mTOR negativity (blue color line). Overall survival for early-stage patients (A), and advanced-
stage patients (B). Recurrence-free survival for early-stage patients (C), and advanced-stage patients (D).

of pAkt : Akt in TNBCs compared with other
groups of breast cancers (ER+ and Her2-, ER+
and Her2+, and ER- and Her2+), though the
study was limited to a small number of cases
with only 8 TNBCs in a total of 44 samples of
breast cancer, and p-mTOR status was not
studied [9]. In a more recent study, Walsh et al.
investigated mTOR and p-mTOR immunohisto-
chemical staining in tissue microarrays of 89
TNBCs and 99 non-TNBCs. They found that
mTOR was expressed in a similar proportion of
patients with TNBCs and non-TNBCs (53% vs
41%). In the total population of TNBCs and non-
TNBCs, mTOR was found to be more frequently
detected in high grade (grade lll) than in low
grade (grade |l and Il) cancers (p 0.009). Nuclear
p-mTOR was detected more frequently in the
TNBC than non-TNBC samples, therefore, the
authors suggested that mTOR may play a more
important role in the development of TNBC
compared to non-TNBC [27].0ur p-mTOR immu-
nostaining results also show that a consider-
able number of tumors had nuclear positivity,
albeit constituting a smaller proportion in com-
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parison with tumors showing exclusive cyto-
plasmic staining. In the study by Walsh et al.,
staining intensity was not taken into consider-
ation, and comparable results were obtained
irrespective of the cut-off point chosen for the
staining extent of positive tumor cells, including
10%, 20% and 50%. Similarly, though both
staining intensity and extent were included in
our scoring system, no statistic difference was
observed regardless of various cut-off points
used to stratify the tumors into high and low
p-mTOR expression groups. Thus, we divided
the tumors into positive and negative groups in
the statistical analysis.

In summary, immunohistochemical detection
of p-mTOR was performed on 172 cases of
TNBC, of which 72.1% were found to be p-mTOR
positive. Furthermore, p-mTOR expression in
early stage TNBCs correlated with worse overall
survival and recurrence-free survival. Thus, our
findings suggest that p-mTOR may serve as a
potential marker for prediction of prognosis
and as an attractive target for anticancer thera-
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py in TNBC patients. However, further studies
are warranted to clarify the role of p-mTOR in
TNBC and the possible clinical benefit of mTOR
inhibitors in patients with TNBCs.
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