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In breast cancer, HER2 receptor over expression is associated with aggressive phenotype and poor 
prognosis. Trastuzumab, a monoclonal antibody against HER2, accrues significant clinical benefit in the 
metastatic and adjuvant settings. However, only 20% of patients are found positive for HER2-
overexpression (HER2-positive) and receive Trastuzumab. Moreover, activating mutations in HER2 gene 
that play a key role in tumorigenesis are sparsely studied. Herein we perform a genetic study of the HER2 
tyrosine kinase domain (TKD) in HER2-negative breast cancer patients.50 formalin-fixed and paraffin-
embedded tissues of breast cancer were assessed for expression of HER2 receptor by immune 
histochemistry (IHC). HER2-negative tumors were subjected to DNA sequencing to detect potential 
activating mutations in the TKD of HER2 gene. Twenty seven tumors were revealed with IHC score 0 or 
1+ and classified as HER2-negative. Through Sanger sequencing of the exons 18-22, two heterozygote 
variants V750L and A751S located at exon 19 were detected in tumor tissue of one patient among 27 
explored. The detected variants, not previously reported, need confirmation and to be classified as either 
somatic or germline. Exploration of larger cohort would be necessary to draw strong conclusions. 
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INTRODUCTION 

The HER2 gene encodes a transmembrane 
tyrosine kinase receptor that belongs to the 
epidermal growth factor receptor (EGFR) family 
(Stein and Staros, 2000). It is activated by ligand-
mediated homo or hetero-dimerization with other 
EGFR proteins. This dimerization stimulates 
downstream signaling pathways such as the 
PI3K/AKT/mTOR pathway (Yarden and 
Sliwkowski, 2001). HER2 activation could occur in 

a ligand-independent manner, particularly when 
the receptor is found to be mutated or over 
expressed (Yarden, 2001). 

Two molecular mechanisms were identified in 
breast cancer by which HER2 exerts an oncogenic 
effect. The first one is gene amplification andthe 
second is activating mutations. Amplification of 
HER2 is the most common mechanism and is 
found in 20% of invasive breast carcinomas 
(Slamon, et al., 1987). It portends a poor prognosis 
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with an increased risk for disease progression and 
a decreased overall survival (Andrulis, et al., 1998 
and Sjogren, et al., 1998). Indeed, Overexpression 
of HER2 allows constitutive activation of 
corresponding signaling pathways and thereby 
serves as an oncogenic driver in breast cancer. 
Cases that overexpress HER2 receptor are 
classified as HER2-positive subgroup. It was 
determined, through both genetic and 
pharmacologic approaches, that HER2 
overexpression is necessary and sufficient for 
tumor initiation and progression in models of 
HER2-positive breast cancer(Ingo, et al., 2004). 
Otherwise, in patients with HER2-negative breast 
cancer, the HER2 gene mightbe a seat of activating 
mutations. Mutational activation can result from 
three types of somatic molecular alterations: 
missense mutations, small insertions and deletions 
(Arcila, et al., 2012 and Bose, et al., 2013). These 
mutations were found mostly in TK domain 
(Weigelt, et al., 2013 and Boulbes, et al., 2015). 
The basic activating mechanism of HER-2 
mutations is to enhance the kinase activity and cell 
transformation by increasing the formation of active 
HER-2 hetero-dimmers (AbdRaboh, et al., 2013).  

Given that HER2 over expression mediates the 
transformed phenotype and is associated with poor 
prognosis in breast cancer, targeted therapy using 
Trastuzumab (Herceptin), a monoclonal antibody 
against HER2 receptor, was proposed(Vogel, et 
al., 2002). This antibody that binds to the 
extracellular domain of HER2 has been shown to 
selectively exert anti-tumor effects in cancer 
models and patients with HER2-amplified breast 
cancer, and not in tumors with normal HER2 
expression (Drebin, et al., 1985 and Seidman, et 
al., 2008). Trastuzumab given in combination with 
chemotherapy or in the adjuvant setting improves 
overall survival and reduces the risk of disease 
(Hudziak, et al., 1989;Cobleigh, et al., 1999 ; 
Slamon, et al., 2001 ; Vogel, et al. 2002 ; Edward, 
et al. 2005 ; Piccart-Gebhart, et al. 2005 ; Slamon, 
et al. 2005 ; Perez, et al., 2010). Another concept 
of targeted therapy is currently emerging founded 
on the inhibition of TK domain activity, presented 
for patients lacking HER2 overexpression (HER2-
negative) but harboring activating mutations 
(Kancha, et al., 2011 and Endo, et al., 2014). 
Lapatinib and Neratinib, inhibitors of HER2-TK 
domain activity, have shown both in-vitro and in-
vivo an anti-tumor effect and have proved their 
applicability in targeted therapy of HER2-mutated 
breast cancer (Kancha, et al., 2011 and Endo, et 

al., 2014). HER2-TK activity inhibitors were shown 
to be effective against cells expressing a number 
of activating mutations, giving hope to patients 
harboring these mutations. We aim in this 
preliminary study to search activating mutations in 
tyrosine kinase domain (TKD) of HER2 gene in 
HER2-negative breast cancer in Saudi patients. 
 
MATERIALS AND METHODS 

Tumor samples 
This study is approved by an ethic committee 

and research and studies department of directorate 
of health affairs – Taif – Kingdom Saudi Arabia. 
Formalin-fixed and paraffin-embedded (FFPE) 
tumor tissues of breast cancer were provided by 
pathology department of King Abdul-Aziz 
Specialist Hospital in Taif. Clinical and pathological 
data were collected and reviewed from the patient 
records. Only samples revealed negative for HER2 
receptor over expression (HER2-negative) were 
included in the genetic analysis of HER2 gene.  

Immuno histochemistry  
Formalin-fixed paraffin-embedded (FFPE) 

tissue sections were stained for rabbit monoclonal 
antibody anti-HER2 (4B5, Ventana medical system 
Inc) and mouse monoclonal antibody anti-rabbit 
using the VENTANA Bench Mark_XT 
computerized automated system and the ultraView 
Universal DAB Detection Kit. The ultraView 
Universal DAB Detection Kit detects mouse 
secondary antibodies and rabbit primary 
antibodies, bound to human HER2, in FFPE tissue 
sections. The secondary antibody is conjugated to 
horseradish peroxidase (HRP Multimer). The 
complex is then visualized with hydrogen peroxide 
substrate and 3, 3’_diaminobenzidine tetra 
hydrochloride (DAB), a chromogen, which oxidizes 
in brown precipitate observed by light microscopy.  

DNA extraction from FFPE tissues  
DNA extraction from FFPE tissues is 

performed to a simple method optimized in our 
laboratory. Briefly, 5 to 10 sections (10µm thick) are 
mixed in 400µl extraction buffer (50mM Tris buffer, 
1mM EDTA, 0.5% v/v Tween 20, pH8.5) with 
50µg/ml proteinase K (PK) and incubated overnight 
at 56°C for cell lysis. PK is inactivated by incubation 
of the extract at 95°C in water bath for 10mn.  

 
 

Table 1: Sequences of forward and reverse primers 

Exons Primers Sequences Length 
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18 
Forward: F18 5’- CTGCAGGAAACGGAGGTG-3’ 

295bp 
Reverse: R18 5’-ATCAGAACTGCCGACCACAC-3’ 

19 
Forward: F19 5’- AGGGTGGTGAAGGATGTTTG-3’ 

244bp 
Reverse: R19 5’- GGGTCCTTCCTGTCCTCCTA-3’ 

20 
Forward: F20 5’- TGGTCTCCCATACCCTCTCA-3’ 

287bp 
Reverse: R20 5’- CCTAGCCCCTTGTGGACATA-3’ 

21 
Forward: F21 5’- GTATGCACCTGGGCTCTTTG-3’ 

393bp 
Reverse: R21 5’- CCTCCAACTGTGTGTTGTGG-3’ 

22 
Forward: F22 5’- GTGAAGGACCAAGGAGCAGA-3’ 

284bp 
Reverse: R22 5’- AGGTGGCCCCGTAATTCTC-3’ 

 
Immediately, the tube is then immersed on ice 

to prevent dissolving the paraffin in aqueous phase 
which contains DNA.After cooling, a centrifugation 
at full speed separates the extract into three 
phases. The paraffin phase at the top, the aqueous 
phase containing DNA is the intermediate and 
below a pellet of cellular debris. The aqueous 
phase containing DNA is collected avoiding taking 
the paraffin. DNA is ready to be quantified and then 
to be used.  

Polymerase chain reaction PCR 
Amplification was performed in a 50 µl reaction 

containing 200 ng of the genomic DNA, 0.1 to 
0.2µM of each primer, 0.2mM of dNTPs, 2mM of 
MgCl2 and using the G2 hot-start Taq DNA 
polymerase (Promega MP704) according to the 
manufacturer instructions. For all exons, the PCR 
program consisted of 3 min at 94°C, followed by 35 
cycles of 30 s at 94°C, 40s at 60°C and 30 s at 
72°C, with a final extension of 10 min at 72°C. 
Primers used for PCR were newly designed to 
encompass exons18-22 of HER2 gene (Table 1).  

Sanger DNA sequencing 
Purified amplicons were directly sequenced 

using the forward and/or reverse PCR primers in 
ABI 3730xl DNA Analyzer. Sequence alignments 
were carried out using the NCBI-BLAST algorithm. 
 
RESULTS 

HER2 overexpression and patients’ 
characteristics 

For this study we recruited 50 patients 
diagnosed with breast cancer. For every patient, 
data collection was carried out using a data sheet 
that includes age, gender and clinical 
characteristics such as tumor histology, tumor 
grade and the status of estrogen receptor (ER), 

progesterone receptor (PR) and KI-67 protein 
which were retrieved from medical records.  

HER2 over expression was assessed by IHC 
staining using a primary antibody anti-HER2 
receptor (Rabbit anti-human HER2). The 
expression was scored on a scale of 0, 1+, 2+ and 
3+ according to the intensity and percentage of 
positive tumor cells (Figure1). Score 0 was given if 
no staining or membrane staining less than 10% of 
tumor cells was observed. Score 1+ in case of 
weak or barely membrane staining detection. 
Score 2+ when moderate complete membrane 
staining in more than 10% of tumor cells or strong 
complete membrane staining less than 30% was 
detected. Score 3+ if strong complete membrane 
staining in more than 30% of tumor cells was 
observed. Cases in which expression was scored 
0 or 1+ were classified as HER2-negative.  

Among all the 50 FFPE tumor tissues, 27 
samples (54%) were revealed HER2-negative and 
were selected for the genetic study. Ages at 
diagnosis of the selected patients ranged from 32 
to 79 years with a median age of 52 years. 22 
tumors were histologically classified as invasive 
ductal carcinomas (IDC), only one as invasive 
lobular carcinoma (ILC) and 4tumors which 
regroup both ductal and lobular characteristics 
were classified as invasive mammary carcinomas 
(IMC). According to molecular classification, 6 
samples were triple negatives and 21 were luminal 
A. Clinical and histological data of the 27 patients 
selected for the genetic study are shown in Table2. 

PCR amplification of exons 18 – 22 
Five exons (exons 18 – 22) spanning the 

intracellular tyrosine kinase domain were explored 
for activating mutation detection.  

 
 

Table 2: Clinical characteristics of HER2-negative breast cancer 
(IDC: Invasive Ductal Carcinoma, ILC: Invasive Lobular Carcinoma, IMC: Invasive Mammary Carcinoma, TN: Triple 
Negative, U: Unavailable) 
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Figure 1: IHC staining of invasive breast cancer showing different levels of HER2 expression 

Sample  
reference 

Patient 
 age (years) 

histological  
type 

Grade 
Molecular  
subtype 

Expression profiling 

HER2 ER PR KI67 

BC1 45 IDC 2 TN _ _ _ high 

BC2 44 IDC 3 TN _ _ _ high 

BC3 55 IDC 3 TN _ _ _ high 

BC4 50 IDC 2 Luminal A _ + + low 

BC5 56 IMC U Luminal A _ + + U 

BC6 73 IDC 2 Luminal A _ + + U 

BC7 42 IDC 2 TN _ _ _ U 

BC8 47 IDC 2 TN _ _ _ U 

BC9 47 IMC 3 Luminal A _ + _ U 

BC10 79 IDC U TN _ _ _ U 

BC11 44 IDC 2 Luminal A _ + + high 

BC12 58 IDC 3 Luminal A _ + + U 

BC13 61 IDC 2 Luminal A _ + + U 

BC14 52 IDC 2 Luminal A _ + + U 

BC15 43 IDC 2 Luminal A _ + + low 

BC16 46 IDC 2 Luminal A _ + + U 

BC17 70 IDC U Luminal A _ + + U 

BC18 75 ILC U Luminal A _ + + U 

BC19 44 IDC 2 Luminal A _ + + low 

BC20 32 IDC 2 Luminal A _ + _ U 

BC21 33 IDC 2 Luminal A _ + + low 

BC22 64 IDC 2 Luminal A _ + + low 

BC23 34 IDC U Luminal A _ + + low 

BC24 58 IDC 3 Luminal A _ + + U 

BC25 59 IDC 3 Luminal A _ + + U 

BC26 53 IMC 2 Luminal A _ + + low 

BC27 40 IMC 3 Luminal A _ + + low 
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revealed by the brown color. Tumors with IHC scores 0 or 1+ are classified as HER2-negative 
subgroup, IHC score 2+ as equivocal cases and IHC score 3+ are classified as HER2-positive 

subgroup. 
 

The exons (exons 18-22) were separately 
amplified by PCR using specific intronic primers. 
Because of the high degradation degree of 
genomic DNA, first tests of PCR were failed due to 
non-specific amplification. An optimization of PCR 
amplification conditions of all exons was carried out 
concerning quantity of genomic DNA, 
concentration of primers and annealing 
temperature.  Figure 2 shows an example of 
optimization performed for the amplification of 
exons 18 – 21 from DNA sample BC6 at an 
annealing temperature of 60°C. As a result, specific 
amplification is obtained using approximately 200 
to 500ng of genomic DNA; 0.1 or 0.2µM of each 
primer and at an annealing temperature of 60°C. 
However, if optimization was successful for 
samples having a ‘good’ genomic DNA in terms of 
concentration and quality, it failed for samples 
which were poor ingenomic DNA and/or showing a 

high degree of degradation. For these cases, in the 
optimal conditions, the non-specific amplification 
was persistent. 

Variants detection in the TK domain of HER2 
gene 

We detected two heterozygote variants at exon 
19 in the tumor tissues of one patient among 26 
explored cases with HER2-negative breast cancer 
(Figure 3). The two detected variants V750L and 
A751Swere not previously reported. The impact of 
these amino acid changes on the protein function 
was predicted using SIFT software. Both 
substitutions had a score inferior to 0.05 showing a 
significant pathogenic effect. 

 
 
 

 
Figure 2: Optimization of PCR amplification according to quantity of genomic DNA and 
concentration of primers. The reaction is performed on sample BC6 at annealing temperature of 
60°C. For exon18, a non-specific amplification (indicated by an arrow) is revealed with primers 
concentration 0.4µM. For exons 20 and 21, a slight smear was revealed with primers concentration 
0.4µM. 
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Figure 3: Detected variants in the cohort by Sanger sequencing of HER2 TK domain. One patient 
(BC24) carried heterozygote variants V750L and A751S. The substitutions of amino acids are 
indicated under the codon box and the variations are indicated by an arrow. 

 
DISCUSSION 

Among 50 FFPE tissues of breast cancer, 
HER2 receptor revealed with IHC score 0 or 1+ in 
27 cases (54%). These cases were classified as 
HER2-negative and thus constituting the cohort of 
our genetic study. The remaining cases with IHC 
scores 2+ (9) or 3+ (14) were classified as 
equivocal and HER2-positive respectively. 
Generally, 70 – 80% of breast cancers are HER2-
negative(Lee, et al., 2011). The relatively low 
percentage of HER2-negative patients (54%) in our 
study compared to the average rate is explained by 
the fact that equivocal cases (Score 2+) could be 
in part HER2-negative.  

Through genetic study by Sanger sequencing 
of the exons 18-22 of HER2 gene, we detected two 
variants in tumor tissues of oneamong27 patients. 
It is important to note that the sequence 
chromatogram of the detected variants showed a 
high baseline noise which could question the actual 
presence of these variants. Unfortunately, the 
reverse sequencing has failed. Doubtless, a 
nonspecific amplicon that contaminates the PCR 
products explains this unsuccessful result. Given 
that genomic DNA, in this study, was extracted 
from formalin-fixed paraffin-embedded (FFEP) 
tissues, we can explain the inadequate DNA quality 
for downstream applications such as PCR assay. 
Quality checking of our samples showed a 
degradation of genomic DNA with variable degree. 
This could be explained by the archive time-period 
of paraffin blocks and/or the method of tissue 
sections treatment with formalin. The high-
degraded genomic DNA obtained in some samples 
constitutes a real obstacle to specific PCR 
amplification even at the optimal conditions. In fact, 
several approaches of DNA extraction from 

formalin fixed tissues were attempted and have 
shown a variable success (Burcu, et al. 2014). 
Although many evidences suggest that formalin 
induces DNA degradation, few studies have 
reported yield of high-molecular weight DNA from 
formalin-fixed tissues (Diaz-Cano and Brady. 
1997). It has been shown that formalin might cause 
slow hydrolysis of the phosphodiester bonds 
leading to short chains (Douglas and Rogers, 
1998). Therefore, in PCR reaction, primers could 
pair to short chains as template and generate 
unavoidable nonspecific amplicons. Taking all the 
above into consideration, to confirm the detection 
of these variants, sequencing of the second strand 
should be performed on amplicons purified by 
elution from the agarose gel to avoid contamination 
by the nonspecific amplicons. In case that the 
presence of the reported variants is confirmed, to 
classify it as potential activating mutation, it would 
be necessary to test for these variants in 
corresponding blood samples to determine 
whether they were somatic or germline mutations. 

Detection of activating mutations in HER2 
gene in patients with HER2-negative and HER2–
positive breast cancer and other cancers was 
reported in several studies during these last few 
years (Wang, et al., 2006 ;Greulich, et al., 2012 ; 
Bose, et al., 2013 and Wang, et al., 2017). We note 
that none of the variants detected in our study have 
been previously reported. Very recently in 2017, 
Petrelli and coworkershave reviewed the literature 
on HER2 mutations in breast cancer. They 
evaluated the prevalence of HER2 mutations 
among 12905 patients. They found that only 2.7% 
of patients have HER2 gene mutations. Almost 
50% of mutations concern the TK domain. Three 
recurrent activating mutations have been 
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described, L755S (24%), V777L (13.7%) 
andD769H/Y (7.8%) that collectively represent 
53% of the total of mutations. The most frequent 
was the missense mutation L755S. The second-
most frequent was the missense V777L mutation. 
Two missense-activating mutations in exon 19 
D769H and D769Y are reported as the third more 
frequent mutations (Petrelli, et al., 2017). In 
another cohort of 1348 patients, somatic mutations 
were found in 2.3% of patients with HER2-negative 
breast cancer and in 1.4% of HER2-positive 
patients (Wang, et al., 2017). However, in our 
study, variants in HER2 gene were found in 1/27 
HER2-negative patients (3.8%). This result could 
be an additional argument that casts doubt on the 
real presence of these variants.  

It has been demonstrated that activating 
mutations in HER2 receptor TKD have an 
oncogenic effect by increasing the phosphorylation 
activity (Bose, et al., 2013).The clinical impact and 
the therapeutic options for these HER2 gene 
activating mutations have been discussed in many 
recent studies (Bose, et al., 2013 ; Rexer, et al., 
2013 ;Serra, et al., 2013 ; Kavuri,  et al., 2015 ; 
Wen-Jia, et al., 2016; Connell and Doherty. 2017 ; 
Petrelli, et al., 2017 and Wang, et al., ,2017). Wang 
and coworkers showed that HER2-negative 
patients with a HER2 activating mutation had a 
significantly worse survival chances than those 
without mutations (Wang, et al., 2017). Similarly, in 
another study HER2 mutations exhibited 
decreased relapse-free survival compared with 
HER2 wild type(Zuo, et al., 2016). It is clear that the 
prognosis of HER2-negative or -positive breast 
cancer with activating mutations was poor 
compared with HER2-wild type counterpart. 
Clinically, only HER2-positive breast cancers are 
typically treated with HER2-targeted therapy. 
Trastuzumab, a monoclonal antibody, binds to the 
over expressed HER2 receptor and inhibits its 
activity through both cell intrinsic effects and 
promotion of antibody-dependent cell-mediated 
cytotoxicity (Baselga and Swain, 2009). Currently, 
for HER2-negative breast cancer, activating 
mutations at tyrosine kinase domain is considered 
as emerging therapeutic targets. Preclinical 
evidence demonstrated that some tyrosine kinase 
inhibitors (TKI) such as neratinib and lapatinib 
inhibit the growth of cells with HER2 activating 
mutations in vitro and in vivo (Bose, et al., 2013, 
Rexer, et al., 2013 and Serra, et al., 2013). Hence, 
given the poor survival of HER2-negative breast 
cancer patients with HER2 activating mutation, the 
incorporation of TKI in targeted therapy is 
promising.  

CONCLUSION 
In this study, two variants in the tyrosine kinase 

domain of HER2 gene were detected in one among 
27 patients with HER2-negative breast cancer. 
However, it is early to draw firm conclusions about 
these variants given that confirmation by 
sequencing of the second strand is lacking. 
Otherwise, none of the detected variants is 
previously reported in breast or other cancers. 
Since the evidence base supporting the trend of 
drugs directed against mutations of HER2 receptor 
is rapidly growing, it is important to continue 
research on somatic mutations in HER2 gene in 
patients with HER2-negative breast cancer in a 
larger cohort.  
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