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Abstract

Background Although triple-negative breast cancer
(TNBC) with epidermal growth factor receptor (EGFR)
expression has been extensively studied, few studies have
simultaneously examined EGFR expression and EGFR
gene amplification. Here, we examined the correlations of
EGFR expression with EGFR gene amplification, EGFR-
activating mutations, and the expression of components of
the Akt pathway.

Methods Tumor tissues were obtained from 84 patients
with TNBC. We analyzed the expression of EGFR, phos-
phorylated Akt (p-Akt), phosphorylated mammalian target
of rapamycin (p-mTOR), and other relevant proteins using
immunohistochemistry. We also analyzed EGFR gene
and chromosome 7 copy numbers by dual-color in situ
hybridization. DNA was extracted from formalin-fixed
paraffin-embedded samples. Analysis of EGFR gene-acti-
vating mutations was performed using the smart amplifi-
cation process version 2 assay.

Results Most TNBCs expressing EGFR are non-special-
ized invasive ductal carcinomas, whereas others are likely
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to be rare specialized carcinomas, such as typical medul-
lary carcinoma, apocrine carcinoma, metaplastic carci-
noma, and adenoid cystic carcinoma. EGFR was expressed
in samples from 28 of 84 (33.3 %) patients, but the EGFR
gene was not amplified in any of the 84 samples. There
were significant correlations between EGFR expression
and the number of polysomic cells and the presence of high
polysomy of chromosome 7. However, EGFR expression
was not correlated with p-Akt or p-mTOR expression, nor
with the other clinicopathological factors recorded in this
study. We found no evidence of EGFR gene-activating
mutations.

Conclusions EGFR gene amplification and EGFR-acti-
vating mutations might not be the mechanisms leading to
the constitutive activation of EGFR in TNBC. Further
investigation is needed to clarify the other molecular
mechanisms for oncogenic activation of EGFR in TNBC.

Keywords Triple-negative breast cancer - EGFR
expression - EGFR gene amplification - EGFR
gene-activating mutation - Chromosome 7 polysomy

Introduction

Triple-negative breast cancer (TNBC) is defined by the
lack of estrogen receptor (ER) and progesterone receptor
(PgR) expression on immunohistochemistry, and by the
lack of human epidermal growth factor type 2 (HER2)
overexpression or gene amplification detected by immu-
nohistochemistry or in situ hybridization. TNBCs represent
a group of tumors with poor prognosis and poor sensitivity
to currently available therapies targeting endocrine recep-
tors or HER2.
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Epidermal growth factor receptor (EGFR) is expressed
in 13-52 % of TNBCs [1]. EGFR expression is associated
with poor clinical outcome and aggressive biological
properties of TNBC [2]. Therefore, elucidating the role of
EGFR expression on the cell membrane is critical for
implementing successful anti-EGFR therapy. However, the
mechanism responsible for EGFR expression in TNBC is
still poorly understood.

The EGFR gene is located on the arm of chromosome 7.
The gene codes a transmembrane protein consisting of an
extracellular EGF binding domain, a short transmembrane
region, and an intracellular domain with ligand-activated
tyrosine kinase activity. Activation of the EGFR through its
tyrosine kinase domain leads to the recruitment of down-
stream effectors and the activation of proliferative and cell
survival signaling pathways [3, 4]. The Ras—Raf mitogen-
activated protein kinase pathway and the Akt pathway are
the major proliferative and cell survival signaling pathways
activated by the EGFR [5-7].

EGFR gene mutations, which cause ligand-independent
receptor tyrosine kinase activity or EGFR overexpression,
are responsible for constitutional activation of proliferative
and cell survival signaling pathways [3, 5-7]. Constitu-
tional activation of these signaling pathways can lead to
aberrant activity of many cellular processes, resulting in
malignant transformation of cells.

EGFR is now widely considered as a molecular thera-
peutic target in colorectal cancer, non-small cell lung
cancer (NSCLC), and squamous cell carcinoma of the head
and neck. Patients with NSCLC with EGFR gene mutations
and increased EGFR copy numbers are particularly sensi-
tive to anti-EGFR therapies [8-10]. Although EGFR is
frequently expressed in TNBC, and several clinical trials of
anti-EGFR drugs have been conducted [1, 11], the practical
use of anti-EGFR drugs is still controversial.

Interestingly, several recent studies have found that
there are no EGFR-activating mutations in TNBC [12—
15]. To our knowledge, only one report [16] has identified
such mutations; 11.4 % of their patients had mutations,
but these mutations were independent of EGFR expres-
sion determined by immunohistochemistry. Notably,
1.6-21 % of breast cancers showing EGFR expression
had increased EGFR gene copy numbers [12, 15, 17-19].
Moreover, Gumuskaya et al. [19] reported that cell
membrane EGFR expression is associated with increased
gene copy number.

Although TNBCs expressing EGFR have been exten-
sively studied, few studies have simultaneously examined
EGFR expression and EGFR gene amplification. There-
fore, the aim of this study was to examine correlations of
EGFR expression with EGFR gene amplification, EGFR-
activating mutations, and the expression of components of
the Akt pathway.

Materials and methods
Patients and tissues

One hundred and fifteen TNBC specimens were obtained
from patients who underwent surgery at Gunma University
Hospital (Maebashi, Gunma) and Tone Chuou Hospital
(Numata, Gunma) between January 1997 and December
2010. The tissues were 10 % formalin-fixed and paraffin-
embedded (FFPE). All hematoxylin and eosin-stained and
immunohistochemically stained FFPE sections were
reviewed to confirm their morphological and immunohis-
tochemical parameters. Patients who received neoadjuvant
chemotherapy at initial diagnosis were excluded and also
tissues which were not well preserved and could not pro-
vide enough material for immunostaining were excluded
from this study. A total of 84 out of those 115 TNBC
samples were obtained for this study. Informed consent
was obtained before surgery. The Committee for Clinical
Studies, Gunma University Faculty of Medicine reviewed
and approved this study (17 February 2011, No. 10-25).
The clinicopathological features of the patients are shown
in Table 1.

Pathologic investigations

Tumors were histologically classified according to the
general rules of clinical and pathological recording of
breast cancer (16th edition) of the Japanese Breast Cancer
Society [20]. However, two further histological subclassi-
fications were included for TNBC, as described by Ishik-
awa et al. [21]. One was atypical medullary carcinoma
(classified as type A) defined as high nuclear grade carci-
noma composed of a syncytial arrangement of tumor cells,
marked stromal lymphocytic infiltration, a pushing border
of invasion, and a ribbon-like architecture with massive
necrosis [22, 23]. The other type was invasive ductal car-
cinoma (IDC) with a central acellular zone (classified as
type B), as described by Tsuda et al. [23, 24]. Conventional
IDCs, other than types A and B, were classified as type C
(conventional IDC), whereas specialized types were clas-
sified as type D.

Immunohistochemistry and evaluation
of immunostaining

We cut 4-pum-thick sections from FFPE tumor tissues.
Immunostaining for ER, PgR, HER2, EGFR, CK5/6, and
Ki67 was performed using the Ventana XT system (Ven-
tana Japan, Tokyo, Japan) with the antibodies listed in
Table 2. Immunostaining for phosphorylated Akt (p-Akt) and
phosphorylated mammalian target of rapamycin (p-mTOR)
was performed using the polymer detection method
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Table 1 Clinicopathological characteristics of TNBC

Number Percentage
Patients 84
Age (years)
Median 59.5
Range 31-86
Nuclear grade
Low 6 7.1
Intermediate 10 11.9
High 68 81.0
Tumor size (cm)
>2 50 59.5
<2 34 40.5
Histopathological features
Type A (atypical medullary carcinoma) 8 9.5
Type B (IDC with a central acellular zone) 9 10.7
Type C (conventional IDC) 59 70.3
Type D (specialized types) 8 9.5
Apocrine carcinoma 2
Medullary carcinoma 1
Metaplastic carcinoma 3
Small cell carcinoma 1
Adenoid cystic carcinoma 1
Lymph node metastasis
Absent 57 67.9
Present 25 29.8
Unknown 2 23
EGFR protein expression
Positive 28 333
Negative 56 66.7
CKS5/6 protein expression
Positive 41 48.8
Negative 43 51.2
Ki67 labeling index
Median 54.4
Range 3.6-96
p-mTOR protein expression
Positive 34 40.5
Negative 50 59.5
p-Akt protein expression
Positive 31 36.9
Negative 53 63.1

IDC invasive ductal carcinoma, EGFR epidermal growth factor
receptor, CK cytokeratin, p-mTOR phosphorylated mammalian target
of rapamycin, p-Akt phosphorylated Akt

(Simple Stein MAX-PO, Nichirei, Tokyo, Japan) with the
antibodies listed in Table 2. For all other antigens, the
epitopes were retrieved by boiling the sections in citrate
buffer at pH 6.0 for 30 min.
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Tissue samples with nuclear staining for ER or PgR in at
least 10 % of the tumor cells were classified as ER or PgR
positive. HER2 was defined as positive when the tumor
was scored 3+ or 2+ and the HER2 gene/chromosome 17
centromere ratio was greater than 2.2 on in situ hybrid-
ization. EGFR (Fig. 1a) was scored as follows: 0, no
immunostaining or membrane staining of less than 10 % of
tumor cells; 1+, weak and incomplete membrane staining
in more than 10 % of tumor cells; 2+, uniform weak
membrane staining in at least 10 % of tumor cells or uni-
form intense membrane staining in 10-30 % of tumor
cells; 34+, uniform intense membrane staining in at least
30 % of tumor cells. EGFR was defined as positive when it
was scored as 1+, 2+, or 3+. Tumors were defined as
CK5/6 and p-mTOR (Fig. 1b) positive when at least 5 % of
cells showed membrane staining for these proteins. The
Ki67 labeling index was calculated as the nuclear staining
rate of approximately 1000 cells. p-Akt (Fig. Ic) expres-
sion was semiquantitatively determined as the histochem-
ical score (H score), which was calculated as staining
intensity (scored as 0-3) x percentage of stained cells
(0-100 %). Tumors were defined as p-Akt positive when
the H score was greater than 50 [25].

Dual-color in situ hybridization

The dual-color in situ hybridization (DISH) assay for
EGFR gene expression was performed using the Ventana
XT system (Ventana Japan) with a DNP-labeled EGFR
DNA probe (Ventana Japan) and a DNP-labeled chromo-
some 7 centromere oligoprobe (Ventana Japan) via the
one-step fully automated protocol, as previously described
[26].

The DISH results were observed under an Olympus
BX50 microscope equipped with a Nikon digital camera
(DS-Fil) with a x40 objective lens. We counted at least 50
nuclei (mean 66.4) as DISH signals in each samples using
Image Processing and Analysis in Java (National Institutes
of Health). In each nucleus, the numbers of EGFR gene
signals and chromosome 7 centromere signals were inde-
pendently counted. Tumor cells were classified according
to the number of copies of the chromosome 7 centromeres
as follows: (1) normal cell, no more than 2 copies/nucleus;
(2) trisomic cells, 3 copies/nucleus; and (3) polysomic cell,
at least 4 copies/nucleus. We also classified tumors
according to the criteria reported by Cappuzzo et al. [9]
(Table 3).

DNA extraction
FFPE samples with the greatest tumor area were selected

and sliced into three 10-um-thick sections. The tumor area
of each section was macro dissected and DNA was
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Table 2 Primary antibodies used in the present study

Antigen Clone Dilution Source

ER Monoclonal, SP1, rabbit 1:1 Ventana Medical Systems, Inc., Tucson, AZ, USA
PgR Monoclonal, 1E2, rabbit 1:1 Ventana Medical Systems, Inc., Tucson, AZ, USA
HER2 Monoclonal, 4B5, rabbit 1:1 Ventana Medical Systems, Inc., Tucson, AZ, USA
EGFR Monoclonal, 3C6, mouse 1:1 Ventana Medical Systems, Inc., Tucson, AZ, USA
CK5/6 Monoclonal, D5/16B4, mouse 1:1 Ventana Medical Systems, Inc., Tucson, AZ, USA
Ki67 Monoclonal, 30-9, rabbit 1:1 Ventana Medical Systems, Inc., Tucson, AZ, USA
p-Akt (Ser 473) Polyclonal, ab8932, rabbit 1:50 Abcam, Tokyo, Japan

p-mTOR (Ser 2448) Monoclonal, 49F9, rabbit 1:40 Cell Signaling Technology, Beverly, MA, USA

ER estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor receptor type 2, CK cytokeratin, p-Akt phosphorylated

Akt, p-mTOR phosphorylated mammalian target of rapamycin

Fig. 1 Immunohistochemical staining of EGFR, p-mTOR (Ser
2448), and p-Akt (Ser 473) (x400). a A sample showing uniform
intense membrane EGFR staining in more than 80 % of tumor cells.
Immunohistochemical score is 3+. b A sample showing strong

extracted using a DNA FFPE tissue kit (Qiagen, Tokyo,
Japan). We added RNase during DNA extraction, although
this was an optional step according to the manufacturer’s
protocol. The resulting DNA concentrations were at least
40 ng/pL in all of the extracted solutions.

membrane and cytoplasmic p-mTOR (Ser 2448) staining in more than
50 % of tumor cells. ¢ A sample showing strong cytoplasmic p-Akt
(Ser 473) expression. H score is 150 (intensity is 3 x percentage of
stained cells is 50)

Smart amplification process version 2 assay
The smart amplification process version 2 (SmartAmp2)

assay EGFR mutation detection kit (DNAFORM, Japan)
was used to determine the mutational status of EGFR in
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Table 3 Classification of TNBC based on DISH assay results
(Cappuzzo et al. [9])

Table 4 Correlations between EGFR expression and histological
subclassification

Normal cells, >90 % of cells
Normal cells, >40 % of cells
Trisomic cells, 1040 % of cells
Polysomic cells, <10 % of cells
Normal cells, >40 % of cells

Disomy

Low trisomy

High trisomy
Trisomic cells, >40 % of cells
Polysomic cells, <10 % of cells
Polysomic cells, 10—40 % of cells
Polysomic cells, >40 % of cells

Either EGFR gene clusters
in >10 % of cells,

Low polysomy
High polysomy
EGFR gene amplification

or EGFR gene signal/chromosome
7 centromere signal ratio of >2,

or >15 copies of the EGFR gene
signal in >10 % of cells

Normal cells <2 copies/nucleus, trisomic cells 3 copies/nucleus,
polysomic cells >4 copies/nucleus

each sample [27-29]. This kit can detect some EGFR
deletions of exon 19 and a point mutation of exon 21
(L858R). In accordance with the manufacturer’s instruc-
tions, the SmartAmp2 reactions were prepared on ice, and
then incubated at 60 °C for 60 min. The Mx3000P system
(Stratagene/Agilent Technologies, USA) was used to
maintain isothermal conditions and monitor the transition
in fluorescence intensity of the intercalating SYBR Green I
during the reactions.

Statistical analysis

Correlations of EGFR expression with clinicopathologic
characteristics, histopathologic features, and the expression
of CK5/6, p-Akt, and p-mTOR were analyzed using ” tests
or Fisher’s exact test. We examined the correlations of
EGFR expression with the Ki67 labeling index, and the
numbers of normal cells, trisomic cells, and polysomic
cells using the Mann—Whitney U test as these data were
non-normally distributed according to the Shapiro—-Wilk
test. All analyses were conducted using SPSS software
version 19 (SPSS Japan, Tokyo, Japan). Values of p less
than 0.05 were regarded as statistically significant.

Results

EGFR expression and clinicopathologic characteristics
We compared the histological features of EGFR-positive
and EGFR-negative TNBCs. Both groups of TNBCs had

similar histological features, including the proportion of
types A and B TNBCs (Table 4), high nuclear grade
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Type® EGFR-positive EGFR-negative p value
(n = 28) (n = 56)

A 0.51

B 3 6 0.7

C 13 46 0.002

D 8 0 <0.001

4 A atypical medullary carcinoma, B invasive ductal carcinoma with a
central acellular zone, C conventional invasive ductal carcinoma,
D specialized types

(p = 0.17), markedly elevated mitotic index (p = 0.19)
and severe stromal lymphocytic response (p = 0.30).
However, some histological differences were apparent
among EGFR-positive and EGFR-negative TNBCs. Of
note, EGFR-positive TNBCs were more frequently of type
D, whereas EGFR-negative were more frequently of type C
(Table 4). We found no differences in other clinicopatho-
logical factors, such as age (p = 0.80), tumor size
(p = 0.45), and lymph node metastasis (p = 0.44).

EGFR expression and results of immunohistochemistry

EGFR expression was not correlated with CK5/6 expres-
sion (p = 0.53) or Ki67 labeling index (p = 0.90).
Although p-Akt expression and p-mTOR expression were
well correlated (p = 0.003), neither p-Akt (p = 0.20) nor
p-mTOR (p = 0.20) was correlated with EGFR expression.

DISH analysis of EGFR gene

Representative images of DISH assays for FFPE TNBC
samples are shown in Fig. 2. Single copies of the EGFR
gene signal are indicated as individual black dots in the
nuclei. Single copies of the chromosome 7 centromere are
indicated as red dots that are slightly larger than the black
dots corresponding to the EGFR gene in the nuclei. We
successfully analyzed all 84 samples and the quality of the
in situ hybridization was good.

The EGFR gene was not amplified in any of the 84
samples. Among the 84 samples, disomy was detected in
28 (33.3 %), low trisomy in 30 (35.7 %), high trisomy in 2
(2.4 %), low polysomy in 18 (21.4 %), and high polysomy
in 6 (7.1 %) (Table 5). EGFR expression was correlated
with high polysomy (p = 0.014). We also analyzed cor-
relations between EGFR expression and the numbers of
normal cells, trisomic cells, and polysomic cells (Fig. 3).
This analysis showed that EGFR expression was correlated
with the number of polysomic cells (p = 0.009), but not
with the number of trisomic cells (p = 0.19). The median
number of polysomic cells was 4 % (range 0-88 %). If
we limited the positive score based on the number of
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Fig. 2 Representative dual-color in situ hybridization (DISH) assays
(bright field microscopy, x 1000 oil immersion) showing normal cells
(a cells with black arrow), trisomic cells (b cells with black arrow),
and polysomic cells (¢ cells with black arrow). Single copies of the

Table 5 Correlations between EGFR expression and results of DISH
assays

DISH assay results

EGFR immunohistochemistry score

0 1+ 2+ 3+ Total (%)
Gene amplification 0 0 0 0 0 (0)
High polysomy 1 3 1 6 (7.1)
Low polysomy 12 3 2 1 18 (21.4)
High trisomy 1 1 0 0 2(24)
Low trisomy 20 2 4 4 30 (35.7)
Disomy 22 2 1 3 28 (33.3)

DISH dual-color in situ hybridization

polysomic cells to at least 4 %, this parameter showed a
strong correlation with EGFR expression (p = 0.005).
EGFR expression was also negatively correlated with the
number of normal cells (p = 0.029).

EGFR mutational analysis

Genomic DNA was extracted from 76 of 84 (90.5 %)
TNBCs. Unfortunately, we could not macro dissect eight
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chromosome 7 centromere are indicated as red dots (pointed to by red
arrow) that are slightly larger than the black dots (pointed to by white
arrow) corresponding to the EGFR gene in the nuclei. (Color figure
online)

FFPE samples because we had difficulty obtaining three
10-um-thick sections with a large tumor area. The Smar-
tAmp?2 assay and sequencing were successfully performed
in 55 samples. Overall, our analysis showed that there were
no mutations in these 55 samples.

Discussion

The present study demonstrated the following findings for
TNBC tissues. First, EGFR expression was strongly cor-
related with the specialized type of breast cancer. Second,
there was no EGFR gene amplification. Third, there were
no EGFR-activating mutations. Fourth, EGFR expression
was not correlated with p-Akt and p-mTOR expression. We
discuss below each finding in detail.

In terms of EGFR expression in breast cancer, several
studies have examined the clinical and pathological out-
comes of EGFR expression in sporadic breast cancer and in
TNBC. For example, Rimawi et al. [30] reported that
EGFR expression is associated with lower hormone
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Fig. 3 Correlations between EGFR expression and the numbers of normal cells (p = 0.029), trisomic cells (p = 0.19), and polysomic cells

(p = 0.009)

receptor levels, greater proliferation, genomic instability,
and HER2 overexpression, and is correlated with increased
risk of relapse in patients receiving adjuvant chemotherapy.
Viale et al. [2] also reported that the extent of EGFR
immunoreactivity is significantly correlated with prognosis
of TNBC. Although some of the clinical features of TNBC
expressing EGFR have already been described [2, 30], only
a few studies have provided a complete description of the
pathological features of these cancers. In this study, we
found few differences between EGFR-positive and EGFR-
negative TNBC in terms of clinicopathological and
immunohistochemical characteristics. However, we found
that TNBCs expressing EGFR were more likely to be of
type D than of type C. These results indicate that, even
though the pathological features of TNBCs expressing
EGFR include certain types of TNBC (e.g., typical med-
ullary carcinoma, metaplastic carcinoma, and adenoid
cystic carcinoma), it is difficult to classify most TNBCs as
EGFR-positive or -negative on the basis of clinical and
histological findings.
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We determined EGFR gene copy number in these
TNBCs using DISH assays. Overall, 33 % of the TNBCs
expressed EGFR. However, none of the tissue samples
showed EGFR gene amplification. According to previous
studies [12, 15, 17-19], EGFR gene amplification occurs in
1.6-21 % of TNBCs, which differs from our results. This
contradiction may be due to differences in gene amplifi-
cation methods, EGFR gene probes, and sample sizes
between the earlier studies and our study. In our study, we
used automated DISH assays, because the manual proce-
dures used in the previous studies [12, 15, 17-19] show
some limitations in terms of reproducibility in the analyt-
ical phase. Indeed, the new automated DISH assay may
further improve reproducibility [26, 31, 32]. In addition,
using the automated DISH assay, we could easily and
accurately determine the chromosome 7 copy numbers.
Measurement of numerical abnormalities in chromosome 7
may be important because they were found in several types
of malignancy, including malignant mesothelioma, colo-
rectal cancer, and NSCLC [33-35]. To date, however, few
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studies have examined the correlations between chromo-
some 7 copy numbers and the characteristics of breast
cancer. In this study, we found that EGFR expression was
significantly correlated with the number of polysomic cells
and the presence of high polysomy of chromosome 7. This
indicates that chromosome 7 polysomy frequently occurs
in TNBC cells expressing EGFR. Although EGFR
expression is statistically correlated with the number of
chromosome 7 polysomic cells, we could not determine the
one-to-one relationship between these factors in individual
cells on continuous tissue sections under microscopic
observation. Consequently, our DISH assay results suggest
that EGFR might be expressed in the absence of gene
amplification in TNBC and, therefore, there might be other
molecular mechanisms. Zandi et al. [36] introduced in their
review some of the mechanisms for EGFR expression,
which include increased activity of the EGFR promoter or
deregulation at the translational and post-translational
levels. For example, p53 proteins have been shown to
directly activate EGFR transcription by binding to a spe-
cific response site in the promotor. Ishikawa et al. [21]
reported that p53 was expressed in 49.5 % of TNBC.
Therefore, p53 may lead to continuous activation of the
EGFR promoter in TNBC and thus receptor expression.

EGFR mutations occur in 5-40 % of all NSCLCs. Exon
19 deletions and the L858R mutation in exon 21 account
for 85-90 % of all mutations in NSCLC [10]. These
mutations exist around the ATP binding pocket of the
EGFR tyrosine kinase domain [8] and mutations cause
ligand-independent activation and increased activation
duration of EGFR. Previous reports of sporadic breast
cancer, metaplastic breast carcinoma, and Japanese TNBC
[12—15] found no EGFR mutations in breast cancer. Sim-
ilarly, we found no EGFR mutations in our series of
TNBCs. To our knowledge, only one study has shown
evidence of such mutations: in the study by Teng et al.
[16], EGFR mutations were present in 11.8 % of TNBCs.
However, as described in their report, differences in patient
ethnicity and background characteristics may contribute to
the differences in results among studies.

The Akt pathway regulates many different biological
functions, including cellular proliferation, survival, and
motility. Bose et al. [37] reported that there was no cor-
relation between p-Akt expression and the expression of
ER, PgR, and HER2, but p-Akt expression was correlated
with p-mTOR expression. On the other hand, Aleskan-
darany et al. [38] reported that p-Akt expression was
associated with ER expression, but not with EGFR
expression. We found a rather significant correlation
between p-Akt expression and p-mTOR expression, similar
to that reported by Bose et al. [37], and found no correla-
tion between p-Akt and EGFR, as reported by Aleskan-
darany et al. [38]. Our results suggest that the Akt pathway

may regulate the biological functions of TNBCs, but acti-
vation of EGFR is not solely responsible for activation of
the Akt—-mTOR signaling pathway in TNBCs.

In conclusion, the present study showed that there were
no EGFR gene amplification, no EGFR-activating muta-
tion, and no correlation between EGFR expression and
expression of components of the Akt pathway in TNBC
expressing EGFR. EGFR gene amplification and EGFR-
activating mutations might not be the mechanisms leading
to the constitutive activation of EGFR in TNBC. Further
investigation is needed to clarify the other molecular
mechanisms for oncogenic activation of EGFR in TNBC.
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