
Abstract. Background/Aim: To evaluate whether core
needle biopsy specimens (CNBS) would be better than
surgical specimens (SS) for evaluating phosphoproteins as
biological markers in breast cancer. Materials and Methods:
This retrospective analysis included a total of 99 patients
who had invasive breast cancer and were treated surgically
between January 2012 and July 2013. The expression of
phosphorylated ribosomal protein S6-kinase-1 (p-S6K1),
phosphorylated protein kinase B (p-AKT), and estrogen
receptor (ER) were assessed immunohistochemically on both
CNBS and SS for each patient. Results: The expression rate
of phosphoprotein at any intensity was higher on CNBS than
on SS (p-S6K1, 99.0% versus 59.6%; p-AKT, 94.9% versus
56.6%). p-S6K1and p-AKT expression was classified as
negativity (absence to weak staining) or positivity (moderate
to strong staining) for further analysis. For p-S6K1, 24.2%
of patients showed positivity on CNBS and negativity on SS,
while 7% of the patients showed negativity on CNBS and
positivity on SS. For p-AKT, 70.7% of the patients showed
positivity on CNBS and negativity on SS, while only 1.0% of
patients showed negativity on CNBS and positivity on SS.
Conclusion: CNBS may be the more appropriate specimen
type for immunohistochemical examination of
phosphoprotein expression in invasive breast cancer.

Protein phosphorylation is an important step for modulating
the activities of many signaling molecules that play key roles
in cell proliferation (1). To assess the activities of signaling
pathways and the effects of cell signal targeting agents, it is
important to measure the expression of phosphorylated
proteins using an accurate and feasible method. In breast
cancer, the phosphoinositide 3-kinase/protein kinase
B/mechanistic target of rapamycin (PI3K/AKT/mTOR)
signaling pathway is one of the major cell signaling
pathways that has been investigated in order to develop
targeted agents. The activation of this pathway is related to
poor prognosis and treatment. Inhibitory agents that target
each step of the PI3K/AKT/mTOR pathway are under active
development as treatment for breast cancer (2).

Ribosomal protein S6-kinase-1 (S6K1) is a downstream
regulator of the PI3K/AKT/mTOR signaling pathway. S6K1 is
a core regulator of cell survival and proliferation, metabolism,
migration, and angiogenesis (3-5). In breast cancer, S6K1 has
been investigated as a prognostic and predictive marker of
mTOR-targeted therapy (6). Phosphorylated-S6K1 (p-S6K1) is
an active form of S6K1 and is related to poor prognosis and
resistance to endocrine therapy (7, 8). Both phosphorylated-
AKT (p-AKT) and p-S6K1 are surrogating markers for
detecting activation of the PI3K/AKT/mTOR pathway.
However, questions have been raised regarding the accuracy
and reproducibility of immunohistochemical evaluation of p-
S6K1and p-AKT expression.

One possible reason that immunohistochemistry results are
inconsistent for p-S6K1 and p-AKT is the variability of the
interval from the time that the tissue is obtained to the time
of fixation in surgery (9). Immunohistochemical evaluation
of phosphorylated protein expression on paraffin blocks is
critically influenced by the time interval from tissue
acquisition to fixation (10, 11). In a pre-clinical investigation
that used colon cancer xenografts, p-AKT did not stain in
tissue after samples were allowed to stand for 30 min at
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room temperature, even though it has been present in the
fresh sample. The half-life of p-AKT was 20 min, while the
half-life of AKT was 180 min (11). 

Theoretically, shorter time intervals from tissue
acquisition to fixation could guarantee better-quality results
in immunohistochemical measurements of phosphoprotein.
In most studies, phosphorylated protein was measured in
surgical specimens (SSs), and the time interval from surgical
removal of the tumor to fixation is variable in actual practice
in the surgical theatre. In contrast, core needle biopsy
specimens (CNBSs) are fixed immediately after biopsy in
usual clinical practice. The substantively different fixation
periods of CNBSs and SSs may lead to differences in p-
S6K1 and p-AKT measurements. Therefore, we sought to
compare the expression of p-S6K1 and p-AKT in paraffin-
embedded CNBS and SS samples from the same patients.

Patients and Methods

Study population. Patients who underwent a surgical procedure
between January 2012 and July 2013 were identified in the Korea
Cancer Center Hospital Breast Cancer Center (KCCHBCC)
database. The inclusion criteria were patients who had primary
invasive ductal or lobular breast cancer, as well as eligible paraffin
blocks for both a CNBS and an SS. Patients with breast cancer that
was metastatic at the time of the initial diagnosis and those who
received neo-adjuvant chemotherapy were excluded from this
analysis. Patients with T3-T4 disease and distant metastasis were
also excluded to avoid biases caused by central necrosis of a large
mass. A total of 99 patients with invasive breast cancer were
included in this retrospective study. Histological type, histological
grade, TNM stage, hormonal receptor status, human epidermal
growth factor receptor 2 (HER2) status, and other
clinicopathological characteristics were collected from the
KCCHBCC database and an electric medical records review. Human
epidermal growth factor receptor 2 (HER2) positivity was defined
as 3 (+) on immunohistochemical staining or HER2 gene
amplification by fluorescence in situ hybridization or silver in situ
hybridization. The study protocol was approved by the Institutional
Review Board of Korea Institute of Radiological and Medical
Sciences (K-1601-002-007).

Immunohistochemistry and molecular subtype. Formalin-fixed,
paraffin-embedded tumor tissue blocks were used for
immunohistochemistry. The tissue sections of one CNBS and one
SS from each patient were immunohistochemically stained with
appropriate antibodies for p-S6K1, p-AKT, and estrogen receptor
(ER). 

The p-S6K1 expression status was assessed by immunohisto-
chemistry with a mouse monoclonal antibody against p-S6K1
(dilution 1:500; Cell Signaling Technology, Inc., Danvers, MA,
USA). The p-AKT expression was immunohistochemically stained
using a mouse monoclonal antibody against p-AKT (dilution 1:50;
Thermo Scientific, Waltham, MA, USA). The intensity score was
as follows: +1, weak staining; +2, intermediate staining; and +3,
strong staining. The absence or weak expression of p-S6K1 or p-
AKT was classified as negativity, and moderate or strong expression
was classified as positivity. 

ER positivity was defined as positive staining with antibody
(dilution 1:200; Thermo Scientific) of ≥10% of nuclei in 10 high-
power fields.

Statistical analysis. Fisher’s exact test was used to compare
variables between groups. p-Values of less than 0.05 were
considered statistically significant.

Results
A total of 99 patients were investigated, of whom one had
bilateral breast cancer. The mean age was 52.4±10.1 years.
Most patients (94.9%) had invasive ductal carcinoma. The
mean tumor size was 1.7±0.8 cm. Regarding TNM stage,
most patients had stage I or II disease (91.9%). The
clinicopathological characteristics of the study population are
shown in Table I.

For p-S6K1, the expression rate at any intensity was
99.0% on CNBS and 59.6% on SS. For p-AKT, the
expression rate at any intensity was 94.9% on CNBSs and
56.6% on SSs. For ER, the expression rate at any intensity
was 77.8% on CNBS and 76.8% on SS. After applying the
cut-off values described in the Materials and Methods, the
positivity rate for p-S6K1 was 32.3% (32/99) by CNBS and
15.1% (15/99) by SS, for p-AKT they were 76.8% (76/99)
and only 7% (7/99), respectively. In contrast with the highly
different rates of p-S6K1 and p-AKT expression that were
observed for CNBS and SS samples, ER was expressed in
77.8% and 76.8% of CNBSs and SSs, respectively (Table II).

Regarding p-S6K1, 24.2% (24/99) of patients showed
positivity on the CNBS and negativity on the SS, while 7%
(7/99) of patients showed negativity on the CNBS and
positivity on the SS. Regarding p-AKT, 70.7% (70/99) of
patients showed positivity on the CNBS and negativity on
the SS, while only 1.0% (1/99) of patients showed negativity
on the CNBS and positivity on the SS. Unlike the p-S6K1
and p-AKT findings, ER expression results were well
matched for CNBSs and the corresponding SSs (p<0.001,
Table II).

Discussion

In this study, we found that p-S6K1 and p-AKT were
expressed at higher rates on CNBSs than on SSs from the
same patients. In contrast, the expression of ER, which is not
a phosphoprotein, was very similar in both CNBSs and SSs.
To the best of our knowledge, this is the first report to have
compared p-S6K1 and p-AKT expression between CNBSs
and SSs from patients with invasive breast cancer. 

The higher expression rates of p-S6K1 and p-AKT on
CNBS samples than on SS samples is probably explained by
the occurrence of dephosphorylation during the time interval
between tissue sampling and fixation. Because only a few
seconds are spent placing CNBSs into preservative solution,
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there is little time for dephosphorylation to affect proteins in
CNBSs. For SSs, however, at least a few minutes pass
between vascular ligation and the placement of specimens
into fixative solution. Our findings are consistent with a
previous analysis, in which immunohistochemical staining
for p-Ser473-AKTwas only observed in tumor samples that
had been obtained as biopsies, and no staining was observed
in tumors that had been obtained as surgically resected
samples (11). Regarding p-S6K1, a few investigators have
reported that delayed fixation may lead to loss of
phosphorylation (12, 13). Dephosphorylation may also
explain the observation that the large majority of the
discordant cases in our study exhibited positivity in the
CNBS and negativity in the SS, instead of negativity in the
CNBS and positivity in the SS. Indeed, 77.4% (24/31) of
discordant cases for p-S6K1 and 98.6% (70/71) of discordant
cases for p-AKT showed positivity in the CNBS and
negativity in the SS. Taken together, our findings show that
p-S6K1 and p-AKT in breast cancer samples could be
dephosphorylated as time passes. 

The strongest point of our analysis is the use of a paired
CNBS and SS from each patient. As is well known, breast
cancer is a very heterogeneous disease, that may lead to
confusion in interpretation of study results. However,
because the CNBS and SS were obtained from the same
patients, biases introduced by the heterogeneous
clinicopathological characteristics of breast cancer were
overcome in the present study. The limitations to this study
include our inability to analyze survival according to
differences in the expression of p-S6K1 and p-AKT, as a
result of the small number of events.

In the current era of targeted therapy, it is important to
find new targets or prognostic markers in order to develop
treatment strategies that are appropriate for patients with
individual breast cancer. Both p-S6K1 and p-AKT have been
investigated as promising markers in pre-clinical studies.
However, they have not been recommended clinically
because their results differed across studies. In the present
study, we showed that CNBS could be a better choice than
SS for examining the expression of p-S6K1 or p-AKT in
patients with breast cancer. Considering that most breast
cancer cases are actually diagnosed via CNB, using such
samples could be a feasible, appropriate, and easily obtained
choice for marker studies in many clinical trials.
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Table I. Clinicopathological features of the study population (N=99).

Variable                                                                   No. of patients (%)

Histological type
   Invasive ductal carcinoma                                         94 (94.9)
   Invasive lobular carcinoma                                         5 (5.1)
Histological grade
   Grade 1                                                                       23 (23.2)
   Grade 2                                                                       44 (44.4)
   Grade 3                                                                       29 (29.3)
   Unknown                                                                      3 (3.3)
T-Stage
   T1                                                                                73 (73.7)
   T2                                                                                26 (26.3)
N-Stage
   N0                                                                               68 (68.7)
   N1                                                                               23 (23.2)
   N2                                                                                 7 (7.1)
   N3                                                                                 1 (1.0)
TNM stage
   Stage I                                                                         56 (56.6)
   Stage II                                                                       35 (35.4)
   Stage III                                                                        8 (8.9)
Operation
   Total mastectomy                                                       30 (30.3)
   Breast-conserving surgery                                         69 (69.7)
Subtype
   ER or PR-positive/HER2-negative                           61 (61.6)
   ER or PR-positive /HER2-positive                           15 (15.2)
   ER or PR-negative/HER2-positive                             9 (10)
   ER or PR-negative /HER2-negative                         14 (14.1)

ER: Estogen receptor; PR: progestetone receptor; HER2: human
epidermal growth factor receptor 2.

Table II. Expression of phosphorylated ribosomal protein S6-kinase-1
(p-S6K1), phosphorylated-protein kinase B (p-AKT), and estrogen
receptor (ER) in surgical specimen and on core needle biopsy specimen

                                         Core needle biopsy specimen, n         p-Value

                                          Negative     Positive        Total

Surgical specimen, n
p-S6K1
    Negative                             60              24                84               0.059
    Positive                                 7                8                15                 
    Total                                   67              32                99                 
p-AKT
    Negative                             22              70                92               0.485
    Positive                                 1                6                  7                 
    Total                                   23              76                99                 
ER
    Negative                             22                1                23             <0.001
    Positive                                 0              76                76                 
    Total                                   22              77                99
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