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Abstract: Although PIK3CA mutations and phosphorylated mTOR (p-mTOR) expression are two main events on 
PI3K/Akt/mTOR pathway, limited data has reported their roles in triple negative breast cancer (TNBC). Thus, we 
evaluated the associations of these two biomarkers and clinicopathological characteristics and prognosis in large 
Chinese TNBC patients. Immunohistochemistry (IHC) analysis was used to assess p-mTOR expression level in 218 
TNBC patients. Direct sequencing was applied to detect the most important hotspot regions in exons 9 and 20 of 
PIK3CA gene. In the TNBC cohort, mutations were identified in 11.5% cases which were associated with basal-like 
subtype. The somatic point mutations were independently associated with worse overall survival (HR=0.400, 95% 
CI: 0.193-0.830, P=0.014). As for p-mTOR expression, 47.7% of the tumors were positive and the staining was 
shown in cytoplasm, nuclear and perinuclear areas. There were significant differences observed in tumor size, 
lymph node status, and clinical stage between p-mTOR positive and p-mTOR negative cases. Notably, we found 
a significant association between p-mTOR expression and PIK3CA mutations. Patients with p-mTOR staining also 
demonstrated shorter overall survival (HR=0.710, 95% CI: 0.514-0.980, P=0.037). Therefore, PIK3CA mutations 
and its downstream effector p-mTOR expression were two important regulators for activating the PI3K/Akt/mTOR 
pathway. Both of them could be served as adverse prognostic biomarkers and may contribute to the targeted 
therapy for TNBC patients with poor outcome.
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Introduction

Triple negative breast cancer (TNBC) lacks the 
expression of estrogen-receptor (ER), proges-
terone-receptor (PR) and epidermal growth fac-
tor receptor 2 (HER2), accounting for approxi-
mately 16% of all BC [1, 2]. A high proportion of 
TNBC comprises the basal-like breast cancer 
(BLBC) subtype which has been extensively 
characterized on the basis of gene expression 
profiling [3]. However, it is becoming increas-
ingly common and facility to identify this pheno-
type based on the immunohistochemistry (IHC) 
staining of basal-like markers. BLBC specifical-
ly shows IHC expression of epidermal growth 
factor receptor (EGFR) and/or cytokeratin 5/6 
(CK5/6), and is prone to have a poorer progno-
sis and higher recurrence than non-BLBC as 

reported [4]. The deficiency of target therapies 
and prognostic factors in TNBC patients is a 
critical clinical issue at present. Approximately 
20% TNBC patients with family history carry an 
inherited BRCA1 or BRCA2 mutation. On the 
contrary, the sporadic TNBC patients do not 
have such genetic alterations [5]. The aggres-
sive behavior and poor outcome of sporadic 
population might be controlled mainly by other 
genetic and molecular changes.

Phosphoinositide 3-kinase (PI3K)/Akt/mam-
malian target of Rapamycin (mTOR) (PAM) sig-
naling pathway is a complicated intracellular 
pathway that participates in the regulation of 
cancer cell survival, metabolism, proliferation 
and differentiation [6]. PI3K heterodimer be- 
longs to class IA of PI3K family that consists of 
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two subunits: regulatory subunit (p85) and cat-
alytic subunit (p110). PIK3CA is located on 
chromosome 3q26.3 which encodes p110α 
catalytic subunit of class IA of PI3K [7, 8].  
mTOR is a serine/threonine kinase that serve 
as a key downstream regulator on the path- 
way. The phosphorylation of mTOR (p-mTOR) 
stands for the hyperactivation of the molecule 
that can eventually lead to increased protein 
synthesis, cell growth and tumor development 
[9]. Emerging data has revealed that high PI3K 
pathway activity is the most frequent event in 
BLBC/TNBC when compared with TP53 and 
RB1 pathway. Among the aberrant activation 
pathway, PIK3CA mutations and downstream 
p-mTOR expression are two major events on 
the pathway [10]. Furthermore, Chen et al [11] 
recently demonstrated that PI3K/mTOR dual 
inhibitor BEZ235 and Trichostatin A (TSA) re- 
sult in synergistic growth inhibition and apop- 
tosis of BC cell lines. Hence, we postulated  
that the PIK3CA mutations and p-mTOR ex- 
pression might serve as two critical regulators 
and have a role in sporadic TNBC.

Based on the former reports, we systematically 
evaluated the mutation type of PIK3CA and 
staining forms of p-mTOR in a large cohort 
study of 218 TNBC population. We also ana-
lyzed the associations of these two key mark-
ers with clinicopathological features and prog-
nostic impacts, which might have clinical signi- 
ficance for further development of drug combi-
nations in the treatment of TNBC patients.

Materials and methods

Patients and samples

A total of 218 patients who underwent surgery 
and diagnosed with TNBC were selected for 
this retrospective study during the period of 
January 1, 1999 - December 31, 2008 in the 
Department of Pathology, Cancer Hospital, 
Peking Union Medical College, Chinese Aca- 
demy of Medical Sciences, Beijing, China. The 
inclusion criteria were as follows: primary oper-
able breast cancer, no family history for breast 
or ovary cancer, no prior radiotherapy and che-
motherapy before surgery, mastectomies, or 
lumpectomies specimens with sufficient tis-
sue. Clinicopathological information was avail-
able for all the patients, including age, tumor 
size, grade, lymph node metastasis, tumor 
embolus, subtype, and prognosis. Survival da- 

ta were last updated on August 24, 2014,  
and the median follow-up period was 77.25 
months (range 2.13-168.47 months).

PCR and direct sequencing of PIK3CA

DNA extraction from formalin-fixed and paraf-
fin-embedded (FFPE) TNBC tissue samples, 
with minimum of 75% malignant cells, was per-
formed according to the manufacturer’s instruc-
tions (ZEESAN, Xiamen, China). The PCR ampli-
fications targeting PIK3CA exons 9 and 20 were 
conducted. Primers were designed using the 
Primer Design Tool from NCBI. The primers 
were as follows: 9-F: GTATTTGCTTTTTCTG- 
TAAATCATCTG, 9-R: CATGCTGAGATCAGCCAA- 
ATTC; 20-F: CTCTGGAATGCCAGAACTAC, 20- 
R: ATGCTGTTTAATTGTGTGGAAG. The amplified 
products were sequenced using an ABI 3730XL 
sequencer and the sequencing profiles were 
analyzed by Mutation Surveyor software v4.0.8 
(SoftGenetics Corporation, America), in com-
parison with the corresponding reference 
sequence (NM_006218) to identify mutations.

Tissue microarray (TMA) and IHC assay

TMA contained two tumor cores and one nor-
mal core of 1.0 mm diameter which were taken 
from each tumor sample based on hematoxylin 
and eosin (H&E) staining. The accurate defini-
tion of TNBC could be simply summarized as 
follows: ≤ 1% expression of ER and PR as deter-
mined by IHC, and that HER2 either 0-1+ by 
IHC, or 2+ with fluorescence in situ hybridiza-
tion (FISH) negative. Tumors were considered 
as CK5/6 or EGFR positive when more than  
5% of tumor cells were positively stained [12]. 
Staining for p-mTOR were performed using  
the monoclonal rabbit anti-p-mTOR (Ser2448) 
(49F9) antibody (Cell Signaling, Danvers, MA, 
USA) at a dilution of 1:100. Briefly, the slides 
were deparaffinized and implemented antigen 
retrieval in a steam cooker for 1.5 minutes with 
citric acid, pH 6.0 (ZSGB-BIO Co. Ltd, Beijing, 
China). The primary monoclonal antibodies 
were incubated at a room temperature for 1.5 
h, and universal secondary antibody (DAKO) 
was applied for 15 min. Diaminobenzidine was 
used as chromogen and slides were counter-
stained with hematoxylin before mounting. 
p-mTOR expression was scored on a range from 
grade 0 to 2+ according to the previous study 
[13]: 0: no staining; 1+: 5-50% with weak inten-
sity or 1-10% with moderate to strong inten- 
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Figure 1. A. Cytoplasmic immunostaining of CK5/6; B. Negative control for CK5/6 by omission of the primary anti-
body; C. Membranous immunostaining of EGFR; D. Negative control for EGFR by omission of the primary antibody; 
E. Cytoplasmic immunostaining of p-mTOR; F. Nuclear immunostaining of p-mTOR; G. Perinuclear immunostaining 
of p-mTOR; H. Negative control for p-mTOR by omission of the primary antibody. (Magnification 400×).

sity; 2+: > 50% with weak intensity or > 10% 
with moderate to strong intensity. These scores 
indicated, 0: negative; Score 1: low expression; 
Score 2: high expression; Both 1 and 2 scores 
were regarded as positive in the statistical 
analysis.

Statistical analysis

Statistical analysis was performed using the 
SPSS 17.0 software package. The associations 
between these two markers and clinicopatho-
logical parameters were analyzed using the 
Pearson’s χ2-test. The overall survival time was 
described by Kaplan-Meier method and Cox 
proportional hazard regression analysis from 
the date of surgery till the date of death from 
BC. All P values were two-tailed and statistical 
significance was considered to be P < 0.05.

Results

Sample cohort and clinical parameters

With regard to the complete cohort, a total of 
218 TNBC patients could be further divide into 

134 (61.5%) cases of BLBC and 84 (38.5%) 
cases of non-BLBC, based on IHC staining for 
EGFR and CK5/6 (Figure 1). The median age of 
all patients at the time of diagnosis was 50 
years, with an age range of 24 to 82 years. 
According to the WHO Classification of Breast 
Tumors, 196 (89.9%) patients were histologi-
cally classified as invasive carcinomas of no 
special type (IC-NST, including 78 cases of 
grade 2 and 118 cases of grade 3) and 2 (0.9%) 
of the cases had invasive lobular carcinoma 
(ILC). Tumors numbering 20 (9.2%) had carci-
noma of other histologic types such as medul-
lary carcinoma (n=13), metaplastic carcinoma 
(n=4), secretory carcinoma (n=1), and adenoid 
cystic carcinoma (n=2).

PIK3CA mutations and patients’ characteris-
tics

Among the 218 samples, PIK3CA mutations 
were found in 25 (11.5%) TNBC patients. 
Mutations in helical (exon 9) and kinase (exon 
20) domains were present in 10 (4.6%) and 15 
(6.9%) cases, respectively. No cases had muta-
tions in both the exons. The most frequent 
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Figure 2. Mutational analysis of PIK3CA exons 9 and 20 in TNBC. A and B. Mutant sequence E542V (A1625T) 
and corresponding wild-type sequence; C and D. Mutant sequence E545K (G1633A) and corresponding wild-type 
sequence; E and F. Mutant sequence E545A (A1634C) and corresponding wild-type sequence; G and H. Mutant 
sequence H1047R (A3140G) and corresponding wild-type sequence.

expression could be detected in the cytoplasm 
(38.1%, 83/218), the nuclear (7.8%, 17/218) 
and perinuclear (1.8%, 4/218) areas respec-
tively. Typical staining patterns for p-mTOR were 
shown in Figure 1. As can be seen in Table 3, 
p-mTOR was more frequent in patients with 
lymph node metastasis than in those without 
lymph node metastasis; in tumors with size > 2 
cm rather than in tumors with size ≤ 2 cm; and 
in advanced stage (3) compared with early 
stage (1 and 2). In contrast, p-mTOR was unre-
lated to age, menopausal status, tumor grade, 
type, embolus, and basal-like subtype. Par- 
ticularly, p-mTOR-expressing tumors were more 
frequently detected in PIK3CA mutant than in 
PIK3CA wild-type patients. Moreover, we also 
noted a significant association between the 
protein present in the nuclear or perinuclear 
area and lymph node metastasis and PIK3CA 
mutations.

PIK3CA mutation and p-mTOR expression on 
prognosis

Patients with PIK3CA mutations or p-mTOR 
expression had significantly shorter overall sur-
vival by Kaplan-Meier analysis (P=0.001 and 
P=0.001, respectively; Figure 3A and 3B). 
Univariate and multivariate analysis of 218 

Table 1. PIK3CA mutations in TNBC patients
Exon Nucleotide Amino acid Domain Cases
9 c.1625A>T p.E542V Helical 1
9 c.1633G>A p.E545K Helical 1
9 c.1634A>C p.E545A Helical 8
20 c.3140A>G p.H1047R Kinase 15

mutation was H1047R (6.9%), representing 
100% of the exon 20 mutations. The exon 9 
hotspot mutation was E545A (3.7%), corre-
sponding to 80% of the exon 9 mutations. Other 
common helical mutations included were 
E542V and E545K which were found only in 
one case, respectively (Figure 2; Table 1). As 
shown in Table 2, there is no significant asso-
ciation of PIK3CA mutations with age, meno-
pausal status, size, lymph node metastasis, 
tumor grade, type, embolus, and clinical stage. 
However, it is worth noting that patients with 
gene mutations were more frequently detected 
in BLBC than in non-BLBC (84% versus 16%, 
P=0.014).

p-mTOR expression and patients’ characteris-
tics 

A total of 104 (47.7%) tumors were considered 
to be positively stained for p-mTOR. The protein 
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Table 2. PIK3CA mutations and clinicopathological characteristics 
of 218 TNBC patients

Parameters Status Total 
PIK3CA mutations

P 
valueMutated 

(%)
Wildtype 

(%)
Age < 50 105 14 (56.0) 91 (47.2) NS

≥ 50 113 11 (44.0) 102 (52.8)
Menopausal status Pre-menopausal 172 20 (80.0) 152 (78.8) NS

Post-menopausal 46 5 (20.0) 41 (21.2)
Size ≤ 2 73 10 (40.0) 63 (32.6) NS

> 2 145 15 (60.0) 130 (67.4)
LNM Present 79 12 (48.0) 67 (34.7) NS

Absent 139 13 (52.0) 126 (65.3)
Tumor grade G2 78 10 (40.0) 68 (35.2) NS

G3 118 11 (44.0) 107 (55.4)
Tumor type IC-NST 196 21 (84.0) 175 (90.7) NS

ILC 2 0 (0) 2 (1.0)
Other 20 4 (16.0) 16 (8.3)

Tumor embolus Yes 24 5 (20.0) 19 (9.8) NS
No 194 20 (80.0) 174 (90.2)

Basal-like subtype Yes 134 21 (84.0) 113 (58.5) 0.014 
No 84 4 (16.0) 80 (41.5)

Clinical stage 1 and 2 177 19 (76.0) 158 (81.9) NS
3 41 6 (24.0) 35 (77.8)

Abbreviations: NS, not significant; IC-NST, invasive carcinoma of no special type; 
LNM, lymph nodes metastasis; ILC, invasive lobular carcinoma.

TNBC patients revealed that PIK3CA mutation 
and p-mTOR expression were independent pre-
dictive factors for worse prognosis (HR=0.400, 
95% CI: 0.193-0.830, P=0.014 and HR=0.710, 
95% CI: 0.514-0.980, P=0.037, respectively), 
and also of lymph node metastasis (HR=0.253, 
P < 0.001; Table 4).

Discussion

In the TNBC cohort, 11.5% cases were identi-
fied with PIK3CA mutations which were a little 
lower than the COSMIC databases with a total 
mutation frequency of 13%. The possible rea-
son for the slight difference might be due to dif-
ferent sequencing methods as reported pre- 
viously [14]. Other causes could be the differ-
ences of patient cohorts, sample preservation 
and methods used for DNA isolation [15]. 
Somatic mutations of PIK3CA are clustered into 
the helical domain (exon 9, commonly E545K 
and E542K) and the kinase domain (exon 20, 
commonly H1047R) [16]. The major mutations 
of our study were present in exon 20 (60% vs 
40% in exon 9), entirely in the hot spots of 

H1047R. Wallin et al [17] 
detected that PIK3CA-H10- 
47R mutation promoted PI3K 
pathway activity and indu- 
ced obvious epithelial-mes-
enchymal transition (EMT)  
as well as invasive pheno-
type, in comparison with the 
isogenic wild-type mammary 
epithelial cells. A previous 
study from the Peruvian BC 
patients showed that E54- 
5A was the main mutation 
site in exon 9 (70%, 7/10) 
rather than E545K or E542K 
in usual [18], which were in 
accordance with our findings. 
It is possible that heteroge-
neous feature of TNBC may 
lead to various mutated typ- 
es of oncogene in diverse 
ethnic population. Although 
there is no significant asso- 
ciation between PIK3CA mu- 
tations and most clinical pa- 
rameters, we found that 
PIK3CA mutations were sta-
tistically correlated with BL- 
BC (P=0.014) which has not 
been reported in large TNBC 

cohort before. It has become clear that BLBC 
often induced unfavorable outcomes [4]. Thus, 
we assume that the relation of basal markers 
with oncogene mutations in TNBC can generate 
more aggressive biological behaviors and 
worse prognostic effects than wild-type.

The effect of PIK3CA mutations on the progno-
sis of BC remains unclear. Deng et al [19] sug-
gested that the role of gene mutations with  
outcomes should be assessed according to dif-
ferent molecular subtypes. It has been report-
ed that PIK3CA mutations are mostly found in 
the luminal group of BC, specifically in luminal  
A (49% vs 32% in luminal B) which was defined  
by higher expression of ER and classical 
ER-dependent genes [20]. Actually, the associ-
ation of PIK3CA mutations and favorable clini-
cal outcomes was mainly restricted to high ER 
positivity (luminal A) tumors, especially in the 
context of endocrine treatment [21, 22]. On the 
contrary, luminal B tumors were often resistant 
to endocrine therapy with lower ER levels. The 
hyperactive GFR/PI3K signaling pathway in this 
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Table 3. Relationship of p-mTOR expression with clinicopathological characteristics in 218 TNBC 
patients

Characteristis Status
Positive for  

p-mTOR
Positive for Cyto  

p-mTOR
Positive for Nuclear 

or PN p-mTOR
No (%) P value No (%) P value No (%) P value

Age < 50 47 (44.8) NS 38 (36.2) NS 9 (8.6) NS
≥ 50 57 (50.4) 45 (39.8) 12 (10.6)

Menopausal status Pre-menopausal 78 (45.3) NS 62 (36.0) NS 16 (9.3) NS
Post-menopausal 26 (56.5) 21 (45.7) 5 (10.9)

Size ≤ 2 27 (37.0) 0.025 22 (30.1) NS 5 (6.8) NS
> 2 77 (53.1) 61 (42.1) 16 (11.0)

LNM Present 46 (58.2) 0.019 32 (40.5) NS 14 (17.7) 0.002
Absent 58 (41.7) 51 (36.7) 7 (5.0)

Tumor grade G2 36 (46.2) NS 28 (35.9) NS 8 (10.3) NS
G3 58 (49.2) 47 (39.8) 11 (9.4)

Tumor type IC-NST 94 (48.0) NS 75 (38.3) NS 19 (9.7) NS
ILC 1 (50.0) 1 (50.0) 0 (0)
Other 9 (45.0) 7 (35.0) 2 (10.0)

Tumor embolus Yes 15 (62.5) NS 10 (41.7) NS 5 (20.8) NS
No 89 (45.9) 73 (37.6) 16 (8.3)

Basal-like subtype Yes 63 (47.0) NS 50 (37.3) NS 13 (9.7) NS
No 41 (48.8) 33 (39.3) 8 (9.5)

Clinical stage 1 and 2 77 (43.5) 0.010 63 (35.6) NS 14 (7.9) NS
3 27 (65.9) 20 (48.8) 7 (17.1)

PIK3CA Mutant 18 (72.0) 0.010 12 (48.0) NS 6 (24.0) 0.020
Wild-type 86 (44.6) 71 (36.8) 15 (7.8)

Abbreviations: NS, not significant; IC-NST, invasive carcinoma of no special type; LNM, lymph nodes metastasis; ILC, invasive 
lobular carcinoma; Cyto, Cytoplasmic; PN, perinuclear.

tumor type usually lead to a pejorative effect  
on survival time [23]. Additionally, patients  
with PIK3CA mutations in HER2 overexpres- 
sion subtype also possessed an adverse effect 
on the outcome after treatment with trastu-
zumab [24]. Our study confirmed that PIK3CA 
mutations could be served as an independent 
poor prognostic factor for overall survival in 
TNBC patients. From the above conclusions, 
specific BC samples based on different molec-
ular subtypes which also include other genomic 
alterations (such as ER, HER2, EGFR, and so 
on) may contribute to the controversial results 
of PIK3CA mutations on prognosis.

Everolimus, as an oral inhibitor of mTOR, is  
the only US Food and Drug Administration 
(FDA)-approved drug for patients with hor- 
mone-receptor-positive, HER2-negative locally 
advanced or metastatic BC [25]. Nearly half of 
the TNBCs (47.7%) in our data showed positive 
immunostaining for p-mTOR, indicating a poten-
tial role of mTOR inhibitors in TNBC targeted 

therapy. Most of the previous studies regarded 
cytoplasm as the only positive form for p-mTOR 
expression without referring to other staining 
patterns [26-28]. Furthermore, few in-depth 
studies have been implemented on its expres-
sion in TNBC patients. Our study found that the 
staining form of the protein was characterized 
in the cytoplasm, nucleus and perinuclear  
area. Moreover, there were no significant diffe- 
rences when identified tumors into high and 
low expression group in our cases. Thus, we 
consider any of the three staining forms as  
positive regardless of the staining intensity 
when analysis was performed. The p-mTOR 
positive group was related to bigger tumor size 
(≥ 2 cm), lymph node metastasis and advan- 
ced stage (3), all of which stand for aggressive 
biological behaviors and result in poor out- 
come.

Theoretically, mutations in PIK3CA can result  
in the hyperactivation of the PAM pathway 
which then transformed PIP2 into PIP3. High 
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Figure 3. Kaplan-Meier curves for overall survival according to PIK3CA mutation (A) and p-mTOR expression (B) in 
TNBC patients. (n=218).

Table 4. PIK3CA mutations and p-mTOR expression status in 218 TNBC patients

Variable Univariate
HR (95% CI) P value Multivariate

HR (95% CI) P value

Tumor size 0.394 (0.183-0.846) 0.017 0.553 (0.244-1.254) 0.156
Lymph node metastasis 0.227 (0.122-0.423) < 0.001 0.253 (0.121-0.529) < 0.001
Clinical stage 0.353 (0.191-0.650) 0.001 1.332 (0.626-2.832) 0.457
PIK3CA mutations 0.614 (0.450-0.837) 0.002 0.400 (0.193-0.830) 0.014
P-mTOR expression 0.324 (0.160-0.655) 0.002 0.710 (0.514-0.980) 0.037

levels of PIP3 lead to phosphorylation of Akt, 
which showed an impact on the cancer cell 
cycling, survival and growth [7]. Akt can acti-
vate mTOR directly by phosphorylation at 
S2448 or indirectly, by phosphorylation and 
inactivation of tuberous sclerosis complex 2 
(TSC2). When TSC2 loses its function, the 
GTPase Rheb is maintained in its GTP-bound 
state, allowing for increased activation of  
mTOR [29]. Hence, overexpression of p-mTOR 
(active form of mTOR) represents aberrant  
activation of this pathway and results in in- 
creased protein synthesis, proliferation and 
anti-apoptosis via its action on substrate 40S 
ribosomal protein S6 kinase 1 (S6K1) and 
eukaryotic initiation factor 4E binding protein 
(4EBP1) [30]. The expression of p-mTOR was 
expressed more frequently in PIK3CA mutant 
patients compared to PIK3CA wild-type pa- 
tients. To some extent, our finding reflects the 
activated associations between upstream and 
downstream effectors on the pathway. PIK3CA 
mutations have been shown to be associated 
with mTOR inhibitor sensitive in both cell lines 
and clinical studies [31, 32]. Therefore, it can 

be speculated from our findings that TNBC 
patients harboring both PIK3CA mutations and 
p-mTOR expression are more likely to respond 
to mTOR inhibitors than those with either alter-
ation alone.

According to our IHC results, a considerable 
number of tumors were present in the nucleus 
in spite of the small proportion of nuclear ex- 
pression. Previous studies have revealed that 
nuclear location of the protein could me- 
diate transcription of rDNA and tDNA which are 
vital for protein synthesis and lead to an in- 
creased proliferation in the BC cell lines  
[33, 34]. In our research, a high proportion of 
mTOR phosphorylation in nuclear form pos-
sessed lymph node metastasis (85.7%, 12/14) 
and PIK3CA mutations (83.3%, 5/6), which 
might indicate that nuclear p-mTOR staining 
induced a more aggressive phenotype in TNBC. 
For perinuclear staining, Walsh et al [35] con-
firmed that it was linked to low grade tumors 
and found more frequently in non-TNBC than 
TNBC (37% vs 4%) patients, which was simi- 
lar to our findings with only 4 cases showing  
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the perinuclear pattern. To sum up the above 
conclusions, along with our findings, the ex- 
pression form of p-mTOR is actually variable in 
BC with different meaning on specific subtypes. 
Although cytoplasmic positive is the main form, 
we believe that the nuclear p-mTOR plays a  
significant role in the progression of TNBC and 
potentially triggers an negative impact on the 
disease behaviors of patients. On the contrary, 
the perinuclear pattern is typically present in 
non-TNBC and appears to have an effect on 
tumors without triple-negative features.

The expression of p-mTOR induced different 
disease behaviors and outcomes through  
particular mechanisms in special subtypes of 
BC. Zhou et al [36] demonstrated the associa-
tion of higher mTOR phosphorylation with sig-
nificantly shorter disease-free survival (P < 
0.01), and could lead to enhanced sensitivity to 
mTOR inhibitors in ErbB2-overexpressing cells. 
In contrast, one study found that p-mTOR 
expression was independently associated with 
longer disease-free survival and overall surviv-
al in luminal BC [26]. The protein expression 
has an unfavorable impact on survival in our 
TNBC patients. Zhang et al [37] found that 
mTOR inhibitor testing in TNBC xenografts 
showed significant tumor growth inhibition. Our 
finding emphasized the potential prognostic 
value for TNBC patients who were treated with 
mTOR inhibitor.

In summary, our findings indicated that PIK3CA 
mutations and p-mTOR expression were com-
mon genetic-molecular events of the activated 
PAM pathway in TNBC. Both of the two markers 
were independently associated with poor over-
all survival and patients who had both onco-
gene mutations and downstream protein ex- 
pression seem to benefit from the PAM path-
way inhibitors. While, clinical trials are required 
in future to clarify these two biomarkers as 
suitable and reliable drug targets.
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