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Activated Akt signaling pathway in invasive ductal carcinoma
of the breast: Correlation with HER2 overexpression
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Abstract. Akt/PKB is a serine/threonine kinase that plays a
crucial role in cell survival and apoptosis. Aberrant activation
of pAkt is associated with various malignant human cancers,
including breast carcinoma. In vitro studies show that pAkt
activation is mediated by estrogen and acts as a downstream
effector of HER2 with implications in breast cancer
progression and drug resistance. We investigated the incidence
of Akt activation in invasive ductal carcinoma and its
correlation with other clinicopathological variables. Using
tissue microarray technology, immunohistochemical
expression of phosphorylated Akt (pAkt) at Ser-473 was
evaluated in 127 cases of invasive ductal carcinomas, together
with hormone receptors, HER2, p53, Ki-67 and other
clinicopathological variables. Both nuclear and cytoplasmic
expression was noted for pAkt, with 46 cases (36.2%)
showing high cytoplasmic pAkt expression and 37 cases
(29.1%) showing high nuclear pAkt expression. There was a
significant association between both high cytoplasmic and
nuclear pAkt expression with HER2 overexpression (both
p<0.0001). There was also a positive correlation between
high nuclear pAkt expression with both estrogen receptor and
progesterone receptor status (p=0.042 and p=0.015,
respectively). High cytoplasmic pAkt expression was
associated with high Ki-67 expression (p=0.052), however,
there was no association between pAkt and p53 expression.
In the present study, activation of the Akt pathway shows
strong association with HER2 overexpression, which is
consistent with many in vitro studies. Our study also showed
a positive correlation between pAkt and hormone receptors,
which suggested the possible mechanism of endocrine
resistance in ER-positive breast cancer. These results also
suggest the prognostic value of pAkt and its importance in
the prediction of therapeutic response in invasive ductal
carcinoma of the breast.
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Introduction

Akt, also known as protein kinase B, consists of a family of
highly conserved serine/threonine kinases. After stimulation
with growth factors and cytokines, PI3 kinase is activated and
recruits Akt to the plasma membrane where it is phosphorylated.
Phosphorylation of both threonine and serine residues fully
activates Akt, which provides a survival signal that protects
cells from apoptosis and mediates growth factor-induced cell
proliferation. The Akt signaling pathway plays a critical role
in controlling the balance between cell survival and apoptosis,
and the disruption of normal Akt signaling frequently occurs
in several human cancers (1).

The ErbB family of transmembrane receptor tyrosine
kinases [ErbB1 or epidermal growth factor receptor (EGFR),
ErbB2 or HER2/c-neu, ErbB3 or HER3, and ErbB4 or HER4]
and ligands have been consistently implicated in mammary
gland tumorigenesis (2). The HER2 proto-oncogene encodes
a tyrosine kinase receptor that is amplified and overexpressed
in a significant proportion of human breast tumors (3).
Although no soluble ligand for HER2 is known, HER2-
containing heterodimers are potent activators of multiple
signaling pathways, including the PI3K/Akt pathway (4).

Recent studies suggest that breast cancer exhibits
increased activation of pAkt which is associated with HER2
overexpression and poor prognosis. This is supported by
previous evidence that tumor cells overexpressing HER?2
exhibit constitutive Akt activity (4). In addition, constitutive
and inducible Akt activity promotes resistance to chemo-
therapy, trastuzumab or tamoxifen in breast cancer cells (5).

In this study we investigated the incidence of Akt activation
in invasive ductal carcinoma through the immunohisto-
chemical method and its correlation with HER2, p53, Ki-67,
steroid receptors, as well as other conventional clinicopatho-
logical parameters.

Materials and methods

Specimens. The files and formalin-fixed paraffin-embedded
tissue blocks of 127 surgically resected breast invasive ductal
carcinoma cases examined at the Department of Pathology,
Seoul National University Boramae Hospital from 1997 to
2003 were studied. Patient age, tumor size, nuclear grade,
histologic grade and lymph node status were evaluated by a
review of medical charts and pathologic records.
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Figure 1. Representative immunohistochemical staining of pAkt. (A) Breast
carcinoma showing cytoplasmic and nuclear expression of pAkt (original
magnification, x200). (B) Negative immunohistochemical staining of pAkt
(original magnification, x200).

Tissue microarray construction. Core tissue biopsies (2 mm
in diameter) were taken from individual paraffin-embedded
breast carcinomas and the corresponding normal breast tissues,
if possible (donor blocks), and arranged in a new recipient
paraffin block (tissue array block) using a trephine apparatus
(Superbiochips Laboratories, Seoul, Korea). Each tissue array
block contained up to 60 cases, allowing four array blocks to
contain the total of 127 cases. An adequate case was defined
as a tumor occupying >10% of the core area.

Immunohistochemistry. Sections (2-pum) cut on silane-coated
slides were deparaffinized with xylene and alcohol and
subjected to antigen retrieval with a microwave in citrate
buffer (pH 6.0). Slides were also preincubated with a 2.5%
hydrogen peroxide/methanol buffer and then with 0.3% bovine
serum albumin/Tris-buffered saline blocking solutions.
Primary antibodies used were pAkt (Cell Signaling, Beverly,
MA), estrogen receptor (ER), progesterone receptor (PR),
Ki-67 (Dako Corporation, Carpinteria, CA), HER-2/neu
(Scytek, West Logan, UT), and p53 (DO-7; Novocastra,
Newcastle upon Tyne, UK). Primary antibody for pAkt was
incubated at 4°C overnight and other antibodies were
incubated at room temperature for 1 h and were detected using
anti-mouse (rabbit), horseradish peroxide-labeled polymer
secondary antibody from Dako Envision (Dako Corporation).
Staining was visualized with 3,3'-diaminobenzidine and
counter-stained with hematoxylin.

Evaluation of immunostaining. Immunostaining was
evaluated without the knowledge of clinical and pathological
parameters. For pAkt, a semiquantitative assessment of both
the intensity of staining and the percentage of positive cells
was used. For the intensity, a score of 0-3 corresponding to
negative, weak, moderate and strong positivity was recorded.
In addition, the percentage of positive cells at each intensity
was estimated. The total score was calculated as (1 x weak %
+ 2 x moderate % + 3 x strong stained %). The range of
possible scores was 0-300. Two cores were evaluated from
each tumor. Each core was scored individually, and then the
mean of the two readings was calculated. Only the invasive
carcinoma was assessed for staining. The ER and PR were
considered positive if 10% or more of the nuclei in the tumor
were stained. HER-2/neu was scored by widely accepted
criteria that assess the intensity and completeness of
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membrane staining; the staining intensity was graded on a
scale from O to 3+ (0, negative; 1+, weak; 2+, moderate; and
3+, intense), and scores of 0-1+ were considered negative and
scores of 2-3+ were positive. Staining for p53 was positive if
=25% of nuclei were stained, and staining for Ki-67 was
positive if =10% of nuclei were stained.

Statistical analysis. All statistical analyses were conducted
using the SPSS 12.0 statistical software program (SPSS,
Chicago, IL). Correlation between markers and with clinico-
pathological parameters was determined using Chi-square
analysis. The results were considered to be statistically
significant at p<0.05.

Results

Expression levels of pAkt in primary breast cancer tissues.
Akt is activated by phospholipid binding and by activation
loop phosphorylation at threonine 308 by PDK1, and by
phosphorylation within the carboxy-terminus at serine 473.
The phosphor-Akt (Ser473) antibody used in the present
study detects Aktl only when phosphorylated at serine 473,
and Akt2 and Akt3 only when phosphorylated at equivalent
sites. In our study pAkt expression was confined to the
invasive tumor components, with no staining in normal breast
epithelial cells. Both nuclear and cytoplasmic expression was
noted for pAkt (Fig. 1) and semiquantitative assessment was
conducted respectively. For subsequent analyses, the nuclear
and cytoplasmic expression was categorized as high and low
with a median cutoff value of 100. Thirty-seven (29.1%)
cases showed a high nuclear pAkt score and 46 (36.2%) cases
showed a high cytoplasmic pAkt score. There was a positive
correlation between cytoplasmic and nuclear expression
(p<0.0001).

Relationship between pAkt and clinicopathological variables.
The relationship between cytoplasmic and nuclear pAkt and
the clinicopathological variables of the 127 patients is
summarized in Tables I and II. High levels of cytoplasmic and
nuclear pAkt were significantly associated with HER2
overexpression (both p<0.0001). High levels of nuclear pAkt
were also associated with high levels of nuclear ER and PR
(p=0.042 and p=0.015, respectively). But no significant
correlation was observed between high cytoplasmic pAkt and
hormone receptors. Among the other immunohistochemical-
staining variables, only Ki-67 showed a positive correlation
with high cytoplasmic pAkt (p=0.052). Also, high cytoplasmic
pAkt showed statistically significant correlation with a
younger age (p=0.01). Although there was a weak relation
between tumor size and pAkt status (p=0.094 and p=0.088,
respectively), there was no significant correlation with other
clinicopathological variables.

Discussion

Akt (protein kinase B) is a family of serine/threonine protein
kinases with three mammalian isoforms (Aktl, Akt2 and
Akt3), activated by growth factors in a PI3K-dependent
manner at the plasma membrane where it is phosphorylated
at Ser473 and Thr308 and becomes highly active (6,7).
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Table I. Relationship between cytoplasmic pAkt expression and clinicopathological variables.

Characteristics pAKT score p value Patients n (%)
Low (%) High (%)

Total cases 81 (63.8) 46 (36.2) 127
Age at diagnosis (years)

<50 30 (37.0) 28 (60.9) 0.0100 58 (45.7)

>50 51 (63.0) 18 (39.1) 69 (54.3)
Tumor size (cm)

<2 20 (24.7) 18 (39.1) 0.0880 38 (29.9)

>2 61 (75.3) 28 (60.9) 89 (70.1)
Lymph node status

Negative 33 (47.1) 20 (50.0) 0.7730 53 (48.2)

Positive 37(52.9) 20 (50.0) 57 (51.8)
Nuclear grade

Low 43 (53.1) 23 (50.0) 0.7380 66 (52.0)

High 38 (46.9) 23 (50.0) 61 (48.0)
Histologic grade

Iand II 40 (494) 25 (54.3) 0.5910 65 (51.2)

I 41 (50.6) 21 (45.7) 62 (48.8)
ER

Negative (<10%) 40 (494) 19 (41.3) 0.3800 59 (46.5)

Positive (=10%) 41 (50.6) 27 (58.7) 68 (53.5)
PR

Negative (<10%) 37 (45.7) 15 (32.6) 0.1500 52 (40.9)

Positive (=10%) 44 (54.3) 31(674) 75 (59.1)
HER2

Negative (0/1+) 60 (74.0) 15 (32.6) <0.0001 75 (59.0)

Positive (2+/3+) 21 (26.0) 31(67.4) 52 (41.0)
P53

Negative (<25%) 47 (58.0) 30 (65.0) 0.4250 77 (60.6)

Positive (=25%) 34 (42.0) 16 (35.0) 50 (394)
Ki-67

Negative (<10%) 53 (654) 22 (47.8) 0.0520 75 (59.1)

Positive (=10%) 28 (34.6) 24 (52.2) 52 (40.9)

Following activation Akt detaches from the membrane, which
in turn, enables it to phosphorylate its cytosolic, as well as
nuclear substrates, suggesting that compartmentalization of
activated Akt may be important in determining its effects
(8,9). In the present study we observed both cytoplasmic and
nuclear expression of pAkt; 36.2 and 29.1% respectively,
which links this study to earlier in vitro studies suggesting
that a fraction of activated Akt is translocated to the nucleus
(8.9).

Because the phospho-specific pan-Akt antibody used in
our study recognized equivalent phosphorylation sites in
Aktl, Akt2 and Akt3, we acknowledge that our positive-
stained paraffin-embedded specimens may have exhibited
activation of any of the Akt isoforms expressed in that tumor,
even multiple ones, due to the shared upstream signaling via
PI3K, and previous studies have shown that activated Akt is

a more discriminatory prognostic factor than Aktl, Akt2 or
Akt3 levels respectively (10-12).

HER?2 is a member of the receptor tyrosine kinases, and is
associated with several types of human cancer. Numerous
studies have shown HER?2 overexpression in ~30% of primary
breast cancers and it is generally associated with poor
prognosis. One of the major signaling pathways utilized by
HER?2 is the PI3K/Akt pathway. In vitro studies show that
when HER2 is overexpressed, it forms heterodimers with
HER3, which is the major docking site for PI3K. These
HER2/HER3 dimers strongly activate the PI3K/Akt pathway
to promote cell survival and tumor aggressiveness. In the
present study, we found that pAkt expression correlated
significantly with HER2 overexpression (p<0.001), which is
consistent with many in vitro studies using established cell
lines and breast cancer tissues (4,10,12).
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Table II. Relationship between nuclear pAkt expression and clinicopathological variables.

Characteristics pAKT score p value Patients n (%)
Low (%) High (%)

Total cases 90 (70.9) 37 (29.1) 127
Age at diagnosis (years)

<50 39 (43.3) 19 (51.3) 0.4100 58 (45.7)

>50 51 (56.7) 18 (48.7) 69 (54.3)
Tumor size (cm)

<2 23 (25.6) 15 (40.5) 0.0940 38(29.9)

>2 67 (74.4) 22 (59.5) 89 (70.1)
Lymph node status

Negative 35 (43.8) 18 (54.5) 0.3820 53 (48.2)

Positive 42 (56.2) 15 (45.5) 57 (51.8)
Nuclear grade

Low 46 (51.1) 20 (54.1) 0.7630 66 (52.0)

High 44 (48.9) 17 (45.9) 61 (48.0)
Histologic grade

Tand IT 42 (46.7) 23 (62.2) 0.1120 65 (51.2)

I 48 (53.3) 14 (37.8) 62 (48.8)
ER

Negative (<10%) 47 (52.2) 12 (324) 0.0420 59 (46.5)

Positive (=10%) 43 (47.8) 25 (67.6) 68 (53.5)
PR

Negative (<10%) 43 (47.8) 9 (24.3) 0.0150 52 (40.9)

Positive (=10%) 47 (52.2) 28 (75.7) 75 (59.1)
HER2

Negative (0/1+) 65 (72.2) 10 (27.0) <0.0001 75 (59.1)

Positive (2+/3+) 25 (27.8) 27 (73.0) 52 (40.9)
P53

Negative (<25%) 56 (62.2) 21 (56.8) 0.5670 77 (60.6)

Positive (=25%) 34 (37.8) 16 (43.2) 50 (394)
Ki-67

Negative (<10%) 56 (62.2) 19 (51.3) 0.2580 75 (59.1)

Positive (=10%) 34 (37.8) 18 (48.7) 52 (40.9)

In addition, HER2 overexpression is associated with
resistance to systemic and local radiation therapies. HER2 is
strongly associated with activation of Akt in breast cancer
cell lines and in tamoxifen-resistant MCF-7 cells (13,14). The
HER2/PI3K/Akt pathway plays a causal role in conferring a
broad chemoresistance in breast cancer and justifies a strategy
for targeting this pathway for enhancing breast cancer chemo-
therapy (15). These data, together with our findings, suggest
that pAkt expression correlates with a potentially important
prognostic marker for breast cancer, and that HER2 over-
expression and Akt activation may result in a hormone-
independent phenotype and resistance to anti-hormone therapy
such as tamoxifen.

Our study showed that high nuclear pAkt activity is
closely related to high ER and PR status correlating with
recent studies that provide evidence linking the activation of

Akt with that of HER2 and ER (16). Our study also supports
the existing pre-clinical data of cross-talk between pAkt,
HER?2 and ER in resistance to endocrine therapy (17,18).
However, unlike nuclear pAkt, cytoplasmic pAkt showed no
correlation with hormone receptors. Previous immuno-
histochemical studies using the pAkt antibody focused mostly
on the cytoplasmic staining, while nuclear phosphorylation of
Akt may have more value in determining its effects.

Although we found no significant correlation between
pAkt and p53 expression, recent studies have shown that Akt
activation promotes Mdm?2 translocation to the nucleus,
thereby affecting p53 transcriptional activity and inhibiting
p53-dependent apoptosis (19,20).

In this study, we demonstrated that Akt activation was
significantly elevated in primary ductal carcinoma with
HER?2 overexpression. Moreover, it is likely that evaluation of
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pAkt status, especially nuclear pAkt, in addition to hormone
receptor status and HER2, will be useful in predicting the
efficacy of postoperative endocrine therapy for breast cancer.
Our data also suggests that agents which downregulate Akt
activation may be of therapeutic value in HER2 over-
expressing breast cancers. Moreover, Akt may be a better
target than its upstream targets such as HER2, Ras, or PI3K
in sensitizing cancer cells to chemotherapy or radiotherapy,
because it is located at an important convergent point that
may be activated by multiple upstream signal transduction
pathways. Our study therefore suggests the clinical benefit
of an appropriate combination of conventional chemo-
therapeutic drugs with new generation signal transduction
inhibitors that inhibit the HER2/PI3K/Akt pathway for the
treatment of breast cancer.

Nevertheless, to elucidate the significance of Akt activation
in clinical outcome, a well-designed prospective study is
needed.
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