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Abstract Triple negative breast cancer (TNBC), an agressive
subtype accounts nearly 15 % of all breast carcinomas. Con-
ventional chemotherapy is the only treatment modality thus
new, effective targeted therapy methods have been investigat-
ed. Epidermal growth factor receptor (EGFR) inhibitors give
hope according to the recent studies results. Also therapeutic
agents have been tried against aberrant p53 signal activity as
TNBC show high p53 mutation rates. Our aim was to detect
the incidence of mutations/amplifications identified in TNBC
in our population. Here we used sequence analysis to detect
HER2 (exon 18–23), p53 (exon 5–8) mutations; fluorescence
in s i tu hybr id iza t ion (FISH) method to analyse
EGFR/chromosome 7 centromere gene status in 82

immunohistochemically TNBC. Basaloid phenotype was
identified in 49 (59.8 %) patients. EGFR amplification was
noted in 5 cases (6.1 %). All EGFR amplified cases showed
EGFR overexpression by immunohistochemistry (IHC). p53
mutations were identified in 33 (40.2 %) cases. Almost 60 %
of the basal like breast cancer cases showed p53 mutation.
On ly one ca s e showed HER2 mu t a t i on ( exon
20:g.36830_3). Our results showed that gene amplification
is not the unique mechanism in EGFR overexpression. IHC
might be used in the decision of anti-EGFR therapy in routine
practice. p53mutation rate was lower than the rates reported in
the literature probably due to ethnic differences and low sen-
sitivity of sanger sequences in general mutation screening. We
also established the rarity of HER2 mutation in TNBC. In
conclusion EGFR and p53 are the major targets in TNBC also
for our population.
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Introduction

Breast cancers have been categorized into five groups accord-
ing to the gene expression profiles: luminal A ( estrogen re-
ceptor (ER) (+) and/or progesterone receptor (PR) (+), human
epidermal growth factor receptor 2 (HER2) (-), Ki-67<14 %);
luminal B (ER+and/or PR+, HER2 -, Ki-67≥14 % or ER+
and/or PR +, HER2 +); HER2-enriched (ER-, PR-, HER2+);
basal cell-like and normal breast like types [1]. The luminal A
subtype is associated with better prognosis, whereas the basal
cell-like subtype is more aggressive [2].
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Triple negative breast cancer (TNBC ) (ER-, PR-, HER2-)
accounts nearly 15 % of all breast carcinomas. TNBC has
aggressive biological behaviour [3]. Conventional chemother-
apy is the only treatment modality currently; thus new, effec-
tive targeted therapy methods have been investigated. Most of
the TNBCs show epidermal growth factor receptor (EGFR)
overexpression and p53 mutation. EGFR inhibitors and poly
(ADP-ribose) polymerase inhibitors gives hope according to
the recent study reports [4, 5]. Also there are several preclin-
ical and clinical trials targeting p53 pathway function [6, 7].
Our aim was to detect the incidence of p53 and HER2 muta-
tions and EGFR amplification in TNBC cases in our popula-
tion and shed light on targeted therapy decisions.

Materials and Methods

Eighty-two consecutive triple negative breast cancer cases di-
agnosed between 2008 and 2013 at Izmir Tepecik Training
and Research Hospital were selected for the study. All speci-
mens were formalin-fixed, paraffin embedded and processed
according to the institute’s standardised protocols. The sec-
tions were prepared from archived paraffin blocks and were
processed in parallel for immunohistochemistry (IHC), fluo-
rescence in situ hybridization (FISH) and sanger sequence
methods.

Triple negative status was confirmed by ER, PR, HER2
IHC and HER2 FISH methods. Cytokeratin 5/6 (CK5/6) and
EGFR IHC analysis were performed to identify basaloid phe-
notype. The cases showing CK 5/6 positivity ( ≥%5) and/or
EGFR overexpression (2+, 3+) were considered as basaloid
phenotype.

Immunohistochemistry

Immunohistochemical detection of EGFR (clone E30, 1/25
dilution, Dako), CK 5/6 (clone D5/16 B4, Dako), Ki67 (clone
MIB1, Dako) was done on Autostainer Link 48 (Dako,
Denmark).

EGFR positivity was considered when tumor cells showed
weak or intense complete membranous staining (2+, 3+) with
or without cytoplasmic reaction [8].

HER2 FISH Method

All of the cases were analysed in terms of HER2 and chromo-
some 17 centromere (CEP 17) gene status by instant quality
(IQ) FISH (Dako, Denmark) method.

EGFR FISH Method

EGFR and chromosome 7 centromere copy number were in-
vestigated by EGFR FISH pharmDx Kit (Dako, Denmark).

Sections were incubated at 58 °C for 30 min, deparaffinized
in two series of xylol and rehydrated with ethanol series.
Slides were pretreated with pretreatment solution in a water
bath at 95 °C for 15 min. Enzymatic digestion was carried out
with pepsin for 4 min at 37 °C on hybridizer. After dehydra-
tion, 10 μl of EGFR/cen7 probe mix was applied to each
tissue section. The slides and probe were denatured at 82 °C
for 5 min and hybridized at 45 °C for 12 h. After hybridization
period the slides were washed with stringent wash buffer at
65 °C for 10 min in a water bath. Then the slides were
dehydrated and 15 μl of fluorescence mounting medium con-
taining 4’, 6-diamino-2-phenylindole (DAPI) was applied.

EGFR amplification was defined as high polysomy (≥4
copies in ≥40 % of cells) or gene amplification (EGFR gene
clusters and ratio of ≥2) [9].

Sequence Analysis

Genomic DNA from paraffin embedded tissue was extracted
using the Genomic DNAQIAamp DNA FFPE Tissue Extrac-
tion Kit according to the manufacturer’s instructions (Qiagen,
Germany). PCR reaction was carried out in 50 μL of solution
containing 100 ng of genomic DNA, 0.1 μmol/L of each
primer, 100 μmol/L of each dNTP, 20 mmol/L of TrisHCl
(pH 8.5), 50 mmol/L of KCl,3 mmol/L of MgCl2, and 1.0 U
of Taq polymerase (Nanohelix, South Korea) using following
M13 tagged pairs of TP53 exon 5, 6, 7, 8 and HER2 exon 18,
19, 20, 21 ,22, 23 primers (Table 1). The amplification was
performed on thermocycler (Perkin Elmer 9700), with a
predenaturing procedure for 10 min at 95 °C for 35 cycles
(denaturing at 94 °C for 30 s, annealing at 60 °C for 1 min,
and extension at 72 °C for 1 min), followed by an additional
7 min incubation at 72 °C. PCR products were purified by
using Exosap-IT according to the manufacturer’s instructions
(Affymetrix, USA) and subjected to automatic sequence anal-
ysis (Automated sequencer ABI 3130; Applied Biosystems,
CA 94404, USA) by Big Dye terminator reaction according to
the supplier’s instructions (ABI Prism Big Dye Terminator
Cycle Sequencing Ready Reaction Kits Version 3.1; Applied
Biosystems, CA 94404, USA) using M13 sequencing primer .
The obtained sequences for exon 5 to 8 of TP53 gene and
exon 18 to 23 of HER2 gene were analyzed by SeqScape
version 2.6 software (ABI, USA).

Results

Themean age of the cases was 56.1 years (min: 24 years, max:
88 years) and the mean tumor diameter was 2.7 cm (min:
1 cm, max: 7 cm). The histological subtype was invasive
ductal carcinoma in 76 (92.7 %), medullary carcinoma in 4
(4.9 %), metaplastic carcinoma in 2 (2.4 %) cases. Of the 82
cases 16 (19.5 %) were grade 2, 66 (80.5 %) were grade 3.
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All cases were immunohistochemically negative for ER,
PR and HER2. None of the cases showed HER2 amplification
by HER2 IQ FISH method.

Cytokeratin 5/6 positivity was noted in 43 (52.4 %), EGFR
overexpression in 38 (46.3 %) cases. Basal-like phenotype
was identified in 49 (59.8 %) cases by using CK 5/6 and
EGFR IHC. Mean Ki67 proliferation index was 49.1 %
(min: 5 %, max:100 %), p53 positivity rate was 57.8 %
(min: 5 %, max:100 %).

EGFR gene was amplified in 5 of 82 (6.1%) cases by FISH
method. Three of the amplified cases showed high level am-
plification with clusters, two of the FISH positive cases
showed high polysomy. Of the five EGFR amplified cases,
three showed (+++), 2 showed (++) immunoreactivity by IHC
(Figs. 1 and 2). EGFR overexpression was statistically signif-
icantly correlated with EGFR amplification (p=0.01).

Sequence analysis revealed p53 mutations in 33 cases
(40.2 %). The mutations were in exon 5 in 10 cases
(30.3 %), exon 6 in 9 cases (27.3 %), exon 7 in 6 cases
(18.2 %), exon 8 in 8 cases (24.2 %) (Fig. 3a and b). Of the
33mutated cases, 19 (57.5 %) were missense, 5 (15.1 %) were
nonsense, 1 (3.3 %) was frameshift insertion, 8 (24.1 %) were

frameshift deletions. Almost 60 % (29/49) of the basal like
breast cancer cases showed p53 mutation. p53 mutation was
statistically significantly correlated with basaloid phenotype
(p=0.00). Though there was no significant relation between
p53 mutation and EGFR overexpression, EGFR amplifica-
tion, Ki67 proliferation index (p=0.44, p=0.38, p=0.16
respectively).

Sequence analysis revealed HER2 gene mutation in only
one case (mutation in exon 20:g.36830_3). This case was
60 years old. Histologic subtype was invasive ductal carcino-
ma (grade 3). HER2, EGFR and CK5/6 were negative by IHC.
FISH and sequence analysis did not reveal EGFR, HER2 am-
plification and p53 mutation respectively.

Discussion

The most appropriate therapy for TNBC is an controversial
issue. Conventional cytotoxic chemotherapy is the only treat-
ment modality recommended by the National Comprehensive
Cancer Network. But there are several preclinical and clinical
studies on novel therapy modalities targeting EGFR and p53.

Table 1 PCR primer sequences
of selected exons for HER2 and
P53 genes

Gene Exon Forward primer sequence Reverse primer sequence

HER2 18 5‘-GAGACTGCTGCAGGAAACG-3‘ 5‘-AACACTGCCTCCAGCTCTTG-3‘

19 5‘-TCCTGGAAGGCAGGTAGGAT-3‘ 5‘-CCCCAATGAAGAGAGACCAG-3‘

20 5‘-CTGTGGTTTGTGATGGTTGG-3‘ 5‘-CCTAGCCCCTTGTGGACATA-3‘

21 5‘-TACATGGGTGCTTCCCATTC-3‘ 5‘-TTCTCCCATGGGCTAGACAC-3‘

22 5‘-CTCCCCACAACACACAGTTG-3‘ 5‘-AGCTCTCATCCTCCCTCCAG-3‘

23 5‘AGCAGAACCTCTGGCTCAGT-3‘ 5‘-AGGACCTCCCACCCTCCT-3‘

P53 5 5’-GTTTCTTTGCTGCCGTCTTC-3’ 5’- GACCAATCAGTGAGGAATCAGA-3’

6 5’-CTGCTCAGATAGCGATGGTG-3’ 5’- TTGCACATCTCATGGGGTTA-3’

7 5’-GCACTGGCCTCATCTTGG-3’ 5’- GGGATGTGATGAGAGGTGGA-3’

8 5’-TCTGGCTTTGGGACCTCTTA-3’ 5’- GGAAAGAGGCAAGGAAAGGT-3’

Fig. 1 EGFR overexpression shown by complete membranous EGFR
immunoreactivity (DAB, × 20)

Fig. 2 Clusters of red signals due to EGFR gene amplification (FISH, ×
100)
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Nearly 75 % of TNBCs are basal like tumors. Basal
like and triple negative tumors show different messenger
RNA (mRNA) expression patterns in gene profiling stud-
ies. Basal like tumors tend to express c-kit, EGFR and
mutant forms of p53, while TNBCs show more heteroge-
neous mRNA expression patterns [10, 11]. Park et al
showed that combined alterations of EGFR, p53, PTEN
together contribute to basal like breast cancer on human
mammary epithelial cancer cell models [12]. In a study
analysing the molecular portraits of human breast tumors,
p53 mutation was reported in 12 % of luminal A, 32 % of
luminal B, 75 % of HER2 and 84 % of basal-like breast
cancers [13]. Triple negative/basal like tumors show high
frequency of p53 mutations (60-88 %) [14, 15]. Grob et al
found p53 mutations in 57.1 % of TNBC cases [16]. In
our study almost 60 % of the basal like breast cancer
cases showed p53 mutation. p53 mutation was statistically
significantly correlated with basaloid phenotype (p=0.00).
There are so many ongoing preclinical and clinical studies
on several agents targeting p53 pathway function in
TNBC however optimal target has not been identified as
p53 pathway function is not completely understood. So
targeting mutant p53 or its downstream effectors is still
challenging.

EGFR amplification is reported in 1–18 % of breast cancer
cases [8, 17–19]. However TNBCs show high frequency of
EGFR overexpression [20, 21]. EGFR is also overexpressed
in up to 70 % of basal-like breast cancer [22]. Ryden et al
compared EGFR overexpression and amplification rates be-
tween TNBC and non-TNBC. EGFR overexpression/
amplification rates were 41 and 18 % in TNBC whereas 11
and 6 % in non-TNBC cases [19]. Gumuskaya et al reported
EGFR gene amplification in one and high polysomy in 9 of 62
TNBCs [18]. Grob et al found true EGFR amplification in
only one case (1/65) [16]. Shao et al reported EGFR amplifi-
cation in 7 of 55 overexpressed cases [23]. In our study EGFR

overexpression was determined in 38 (46.3 %) cases though
EGFR genewas amplified in 5 (6.1%) cases by FISHmethod.
In our study we used IHC for determining EGFR protein
expression and FISH for EGFR gene copy number. All of
the EGFR amplified cases showed EGFR overexpression.
But in the remaining 33 cases, protein overexpression was
not due to the EGFR amplification. According to our knowl-
edge there are so many mechanisms in protein overexpression
out of gene amplification such as epigenetic factors, miRNAs
and undefined mutations.

Because of high EGFR overexpression rates, novel ap-
proaches targeting growth-promoting proteins such as EGFR,
poly ADP-ribose polymerase (PARP) are being investigated.
Viale et al. recently found the EGFR protein expression score
to be a prognostic factor among TNBC supporting EGFR-
targeted therapy to be clinically relevant [24]. Tang et al re-
ported that TNBC cases with EGFR overexpression have in-
creased pathologic complete response rates to neoadjuvant
chemotherapy when compared with non-TNBC cases [25].
In patients with metastatic lung and colorectal cancer, EGFR
gene copy number is reported to be a superior predictive
marker for EGFR-inhibiting treatment compared to EGFR
protein expression [9, 26]. The response rates in EGFR
overexpressed and amplified TNBC cases versus EGFR
overexpressed but not amplified cases should be clarified in
further clinical studies.

Studies on lung cancer showed that HER2 inhibitors
might be effective in tumors with activating HER2 muta-
tions. Li et al found HER2 exon 20 mutations in 2 of 107
lung adenocarcinoma cases of which one of them was
insertion [27]. Grob et al found heterozygous missense
mutation in exon 19 of the HER2 gene (p.L755S) in one
of the 65 TNBC case [16]. We found mutation in exon
20:g.36830_3 in only one case.

Our results showed that gene amplification is not the only
mechanism in EGFR overexpression. IHC can be used in the
decision of anti-EGFR therapy in routine practice. P53 muta-
tion rate was lower than the rates reported in the literature
probably due to ethnic differences and low sensitivity of sang-
er sequences in general mutation screening. P53 mutation was
correlated with basaloid phenotype. We also established the
rarity of HER2 mutation in TNBC. In conclusion EGFR and
p53 are the major targets in TNBC also in our population.
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Fig. 3 Examples for p53 gene mutations; aY220Cmutation in exon 6, b
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