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ABSTRACT

Amplification of the human epidermal growth factor receptor 2 (HER2) genes
and overexpression of its gene product, the HER2 protein was found in 20% of
breast cancers. Genetic instability and hence aberrant HER2 amplification may
be associated with breast cancer progression. HER? status determination plays
an important role in selecting the best treatment options in early and advanced
breast cancer. This is a cross-sectional clinical genetic study of breast cancer
patients in Kuwait. The aim of this study is to detect HER2 gene amplification in
Formalin-Fixed Paraffin Embedded (FFPE) breast cancer tissue samples with
IHC 0 or > 2+ and were ER and PR positive.

Quantitative real time Polymerase Chain Reaction (qPCR) was performed on 44
FFPE breast cancer tissue samples with IHC 0 or >2+ and were ER and PR
positive. DNA was isolated using NucleoSpin®DNA FFPE XS kit. Real time
PCR was carried out using TagMan™ Fast advanced Master Mix. The beta actin
gene was used as a reference gene to the HER2 gene investigated. The 7500 fast
real-time PCR system was used.

Samples that were evaluated as HER2 equivocal and were negative by FISH
presented high gPCR values of 10 and 28. A sample that was equivocal and then
negative by FISH presented a qPCR value of 28 and was from a grade 3 patient.
On the contrary, one HER2 equivocal sample by IHC and positive by FISH
presented a gPCR value of 16 which was from a grade | patient. Seven samples
that were grade | and Il were evaluated as HER2 negative by IHC presented high
gPCR values of 9, 12,13, and 15.

Conclusion: Quantitative PCR is a molecular method that is more sensitive than
FISH or IHC. The screening for the status of the HER2 gene alongside the
protein status by IHC provides thorough evaluation especially in the higher
grades of breast cancer who might get more accurate evaluation and might
benefit from better treatment options.
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INTRODUCTION

The human epidermal growth factor receptor 2 gene (HER2, also known as erbB2) has been regarded as a critical
factor for diagnosis and effective treatment of breast cancer patients [1]. The gene encoding HER2 protein is located on
chromosome 17. Amplification of the HER2 gene and overexpression of its gene product, the HER2 protein was found
in 20% of breast cancers [2,3]. The signaling pathways of the Estrogen Receptor (ER) and the HER2 are the dominant
drivers of cell proliferation and survival in the majority of breast cancers [1,4]. Genetic in-stability, and hence aberrant
HER2 amplification may be associated with breast cancer progression [5].

Progesterone Receptors (PR), (ER) and HER2 are the most routinely used basic, prime molecular markers for
detection of breast cancer worldwide. These markers provide the suitable prediction of the prognosis of cancer
recurrence after an initial remedial treatment. These three markers indicate eventual future appropriate treatment; and
thus, they play a key role in the management of breast cancer. Molecular techniques can be implemented to detect ER,
PR and HER2 levels. The RT-PCR technique can detect low concentrations of ER/PR/HER2 mRNA. If the molecular
techniques such as RT-PCR and gPCR are utilised in the routine diagnosis of best cancer a new breast cancer scoring
system based on these newer expeditious technologies will be established, then grading and management of breast
cancer will be easier, enhanced, and quicker. Hormone receptors and HER2 as molecular markers are of prime
therapeutic importance and have the capability to take part in future drug development techniques [6].

Amplification and/or over expression of the HER2 oncogene is found in many different types of human cancers,
including breast, ovarian, lung, gastric and oral cancers. It is the second member of the epidermal growth factor receptor
family. A correlation was found between the degree of gene amplification and aggressive potential of the tumour and its
proliferative activity. It was found that amplifications and deletions are the most common mechanisms leading to gene
deregulation [7].

HER2 gene amplification was found in Estrogen Receptor (ER)-positive, HER2 Immuno-Histo-Chemistry (IHC)
0 or 1+ breast cancer in patients who developed early distant metastasis [8]. This indicates that HER2 gene
amplification detection can play an important role in the prognosis of the disease and the design of treatments plans. An
association between HER2 amplification and poor prognosis was found to be attributed to global genomic instability.
This is due to the association that exists between cells with high frequencies of chromosomal alteration and increased
cellular proliferation and aggressive behaviour [9]. Tumor grade and/or Ki67 expression are predictors of early
recurrence in ER-positive, HER2-nagative breast cancer [10-12]. Endocrine therapy is the most important treatment
option for women with ER-positive breast cancer [13]. The clinical significance in breast cancer for HER2 gene
amplification in HER2 scores 0 or 1+, with no gene overexpression, was identified. In addition, some patients with
HER2-IHC 0 or 1+ primary tumors develop early relapse with HER2-positive metastasis, which might be due to the
existence of HER2 gene amplification in the primary tumors [8]. Moreover, HER2 mRNA detection could potentially
serve as a quantitative and reliable method for identifying HER2-low breast cancer [14].

HER?2 status determination plays an important role in selecting the best treatment options in early and advanced
breast cancer [15,16]. The gPCR technique is based on the detection of DNA amplification. Accordingly, using a
quantitative method such as gPCR will be complementary to IHC and FISH in determining HER2 status in breast
cancer patients and give them a better treatment opportunity. The sensitivity of the real-time PCR (RT-PCR) technique
can provide the information related to small alterations such as point mutation, gene expression, gene loss or
amplification and the analysis of cancer markers. Accordingly, RT-PCR plays an important role in clinical testing [17].
The implementation of molecular classifications for malignancies provides powerful tools for diagnosing and treating
cancer. HER2 gene quantification could benefit cancer patients if they will make them eligible for HER2 targeted
medications.

In this study gPCR was used to detect the losses or amplifications if any are found in the HER2 gene in 44 FFPE
breast cancer tissue samples with IHC 0 or >2+, and were ER and PR positive. Real time PCR is used for sensitive
detection and quantification of the gene fold levels [19]. Breast cancer in Kuwait contributes for 49.4% from all types of
cancers that were reported at Kuwait cancer registry for all adults. Kuwaiti breast cancer patient’s ages were 15-99
years [20]. Across the Gulf cooperation countries, the GCC breast cancer stands as the prevailing malignancy [21]. In
the GCC geographic region, there are distinctive features that the breast cancer manifests with, including an early onset,
typically occurring before the age of 50, an advanced stage at presentation, and a higher pathological grade. In addition,
in the GCC region more aggressive features such as HER2 positivity, or the presence of Triple-Negative (TN) attributes
were observed, particularly among younger patients [20].
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MATERIALS AND METHODS

In this study Forty-four 44 FFPE breast cancer tissue samples from Royal Hayat hospital in Kuwait were studies.
For all patients’ tissues, IHC was performed to verify the expression of HER2. IHC test for the "R protein over
expression was performed using HercepTestTM kit (Dako). The IHC test for HER2 protein was performed and
validated at Royal Hayat hospital. DNA isolation from FFPE samples was performed using the NucleoSpin®DNA FFPE
XS kit. According to the histopathology reports obtained from Royal Hayat hospital, 8 samples were grade I, 21
samples were grade Il and 15 samples were grade I1l. The grading was made using the tumour size, Lymph Node
involvement and Metastasis (TNM) grading system.

Quantitation of the HER2 gene was done by real time PCR. Samples with no DNA and with normal DNA were
included. The primes used for the HER2 gene were as follows: Forward primer for HER2 gene, 5’-
AGCCTCTGCATTTAGGGATTCTC, reverse primer for the HER2 gene, 5’-TAGCGCCGGGACGC, and the probe
used was 6FAMS’-TGAGAACGGCTGCAGGCAACCC-3'TAMRA.1 For the quantitation of the B actin gene the
following forward and reverse primer sequences were used respectively: ACTCCTATGTGGGCAACGAG, and
AGGTGTGGTGCCAGATCTTC [22].

For real time PCR TagMan"" fast advanced master mix (Applied bio-systems, Thermo Fisher Scientific Baltics
UAB) was used. The beta actin gene was used as a reference gene to the HER2 gene investigated. The 7500 fast real-
time PCR system (Applied bio-systems) was used. Amplification conditions were 50°C for 2 min, 95°C for 10 min, 40
PCR cycles at 95 °C for 15 s, and 60°C for 1 min.

The gPCR for the HER2 gene was set up in 96-well plates, in a final volume of 20 puL containing of up to 1 uL of
isolated DNA, 10 pL of TagMan™ gene expression master mix, 1 pL of forward gene primer, 1 pL of reverse gene
primer, 0.5 uL of HER2 gene probe, and 6.5 pL of molecular water. For the B actin gene qPCR reaction the following
mixture was used: 1 pL of isolated DNA, 10 uL of PowerUpTM SYBR®Green Master Mix (appliedbiosystems Thermo
Fisher Scientific Baltics UAB), 1 pL of forward gene primer, 1 pL of reverse gene primer and 8 puL of free molecular
water.

Calculation of the relative fold values of the HER2 gene

Averages for the Ct values were calculated for the HER2 gene. The HER2 gene was normalized with B actin
gene. The ACt value which is the difference between the average of the Ct value of the target and the Ct value of the
reference gene was calculated. Then the AACt value was calculated by subtracting the ACt value of the samples from
that ACt value of the control which was the normal DNA sample. Then the 2*AACt value was determined. Finally, the
relative fold change of the target gene in relation to the control sample was determined by dividing the sample 2*AACt
value by that of the control normal DNA.

Converting the Ct values to a linear form using the 2"AACt value more accurately depicts the individual
variation among replicate reactions [23].

Statistical analysis

A One-Way Analysis of Variance (ANOVA) test was used to analyse the data taken from the breast cancer
samples to determine whether the three groups of patients; grade I, 1l and Ill HER2 gPCR relative values are
statistically different by calculating the means of the three groups. Then the means of the three patients’ groups were
tested for their difference from the mean of the dependent variable. The one way-ANOVA test will show if the
dependent variable changes according to the level of the independent variable [23]. The breast cancer is considered as
the independent variable. The gPCR values in the three groups were considered as the dependent variables. The null
(Ho) hypothesis of the one way-ANOVA is that there is no difference among group means. The alternative hypothesis is
that one group differs significantly from the overall mean of the dependent variable. One way-ANOVA test was applied
to the data using Microsoft Excel. The significance threshold in the analysis was .05. The P value was interpreted to be
significant if it is < 0.05.

RESULTS

The gPCR values for the HER2 gene were obtained. The Ct values for each breast tumor sample were
normalized with B actin gene Ct values. The results were compared with normal DNA sample and the 1 fold change was
obtained for normal sample. The fold change that is above 1 was considered an up-regulation and the fold change below
1 was considered a down-regulation. Regarding the HER2 protein status of the samples determined by IHC; 32 samples
were negative for HER2, 6 samples were equivocal, and 6 were positive.

The ages of the patients where the samples were investigated were 30-80 years. The highest number of patients
was in the 50 years old group (Figure 1).
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Figure 1. Number of patients related to age.

All the samples showed abnormal gPCR relative values compared to the normal. The relative fold values of
gPCR of the HER2 gene in grade | patients were all abnormally elevated compared to the normal sample (Figure 2).
Similarly, the relative fold values of qPCR of the HER2 gene in grade Il patients were abnormally up-regulated (Figure
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Figure 2. The relative fold values of qPCR of the HER2 gene in grade | patients (Y axis) versus the patient
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Figure 3. The relative fold values of qPCR of the HER2 gene in grade |1 patients (Y axis) versus the patient

number (X axis). Number 1 is the control sample.

One sample in the grade 111 group was down-regulated concerning the HER2 gPCR relative value while all the
remining samples showed variable degrees of up-regulation (Figure 4).
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Figure 4. The relative fold values of qPCR of the HER2 gene in grade I11 patients (Y axis) versus the patient
number (X axis). Number 1 is the control sample.

With a P-value of .251138 for the one way-ANOVA test (Table 1), there is no significant association between
the grade of the breast cancer tumor and the qPCR relative values. On the other hand, an amplified gPCR value for the
HER2 gene was observed in nearly all the samples, including the HER2 negative samples. The HER2 negative samples
were the majority.

Table 1. ANOVA: Single factor results.

Summary

Groups Count Sum Average | Variance

Column 1 8 52.84328 | 6.605409 | 34.5265

Column 2 21 118.3349 | 5.634996 | 34.1284

Column 3 15 207.42 13.828 575.6986

ANOVA

Source of variation SS df MS F P-value | Fcrit
Between groups 626.4219 2 313.211 | 1.429386 0.251138 | 3.225684
Within groups 8984.033 41 219.1228

Total 9610.455 43

From the 44 archival samples previously evaluated by IHC the qPCR results showed variable relative values.
Samples reported as HER2 positive (3+) (Figure 5), presented high relative values. Two samples gPCR relative values
were 15 and the others were 26, 97, 13. The sample with the 97 gPCR relative value was from a grade 111 patient. On
the other hand, one HER2 positive (3+) evaluated sample presented a qPCR value=2 which was taken from a grade |
patient. Samples evaluated as HER2 equivocal and were negative by FISH presented high gPCR values of 10 and 28
(Figure 6). The sample that presented a gPCR value=28 was from a grade 3 patient. On the contrary, one HER2
equivocal sample by IHC and positive by FISH presented a qPCR value of 16 which was from a grade | patient. Seven
samples were evaluated as HER2 negative by IHC (Figure 7) presented high qPCR values, being 2 samples with a
relative value of 9, two other samples yielded a relative qPCR value =12, and 2, others gave a relative value =15, and 1
sample with gPCR value=13. Samples with an evaluation of HER2 negative by IHC and high gPCR relative values
were from grades | and 11 patients.

Genetics and Molecular Research 23 (4): gmr34074



Al-Wohhaib M, et al.

2 3 4 5 i]

Figure 5. The distribution of HER2 positive cases as detected by IHC related to the HER2 qPCR relative value

(y axis).
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Figure 6. The distribution of HER2 equivocal cases as detected by IHC related to the HER2 gPCR relative
value.
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Figure 7. The frequency of the HER2 negative cases as detected by qPCR.

DISCUSSION

The samples investigated in this study were all from higher pathological grade and more aggressive features such
as HER2 positivity. Which was noticed in the GCC countries [20]. This study was performed to investigate HER2 gene
quantity by using real-time PCR in grades I, Il and 111 breast cancer archival tissue which were previously categorized
by IHC into HER2 negative, HER2 equivocal and HER2 positive (3+). The relative fold values obtained in this study
were elevated in most of the samples with no significant association with the grade of the tumor. The molecular biology
screening for the HER2 gene is essential. Some patients who showed a negative HER?2 status by IHC, presented high
gPCR values. In addition, HER2 equivocal samples which were negative by FISH presented an elevated qPCR relative
value. Notably the sample with an equivocal evaluation by IHC and -ve HER2 status by FISH which belonged to a
grade Ill patient. Quantitative reverse transcriptase real time PCR (QRT-PCR) may outperform FISH in identifying
patients overexpressing HER2 protein [24]. FISH analysis depends on the HER2 positive cells observed with respect to
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the amount of tissue analysed. Quantitative PCR analysis in this sense, avoids the possible misinterpretation by
sensitive measurement of the gene quantity ratio that is independent from tissue amount. Accordingly, molecular
techniques such as RT-gPCR might be added to the methods for screening HER2 status in breast cancer patients.

Many laboratories have adopted IHC, as a screening method, and FISH as a conformation test for HER2
equivocal cases, taking into consideration higher failure rate, longer procedure time and higher reagent cost of FISH,
compared to that of IHC. Nevertheless, the IHC and FISH might not be as sensitive as QPCR especially in the higher
grades of breast cancer who might get more accurate evaluation and might benefit from better treatment options. False
negative or positive HER2 evaluations may result in inappropriate treatment administration. Regarding the samples that
were evaluated negative for HER2 by IHC and presented elevated qPCR relative values, further assessment would be
recommended. The differences between HER2 2+ or equivocal by IHC with respect to FISH and gPCR were previously
reported [24,25]. There are factors such as tissue quality, fixation time and type of antibody used that might contribute
to the variability in the results obtained for HER2 2+ by IHC [26,27]. Furthermore, considerations must be taken to the
alterations of HER?2 status which might occur after neo-adjuvant chemotherapy or during metastatic progression, due to
biologic or methodologic issues [28]. Studies have shown that HER2 amplification-positive patients had a higher
mutation frequency than the HER2 amplification negative patients [29]. Another important factor in the determination
of the HER?2 status would be the screening for the gene mutation. Hence, HER2- mutated non-amplified breast cancer
may benefit from pyrotinib treatment as well.

Some researchers have suggested that qPCR cut-off should be greater than 2.7 to be considered as HER2
amplification [30,31,26]. In our study 12 samples out of 32 in the HER2 negative group showed lower relative gPCR
fold values (< 2.3). On the other hand, 20 samples out of 32 at the HER2 negative group showed high gPCR values
(>3.6). These results necessitate the revaluation of the HER2 testing methods at the hospital and adopting supporting
tests such as molecular quantification methods. A study found out that a better correlation of clinicopathologic features
and oncotype DX recurrence score was found between ER-positive, HER2-negative breast cancers by quantifying
HER2 mRNA levels than HER2 IHC [14]. Thus, introducing molecular techniques such as gPCR in the routine
evaluation for HER2 status will support accurate quantification and interpretation.

In this study at the HER2 equivocal group, 2 out of 6 cases analysed showed low qPCR relative value (<1.6) and
4 presented higher values (5.1-28). These samples were negative by FISH. A study showed that gRT-PCR may
outperform FISH in identifying patients overexpressing HER2 protein, suggesting that gRT-PCR might be more
accurate than gPCR and FISH [32]. Measuring the protein level is quite crucial together with that of the gene level.
DNA copy number amplifications are one of the most important mechanisms leading to deregulated gene expression in
cancer [15]. In this study, among the HER2 positive group by IHC one case presented a gPCR relative value equal to
2.2 and 5 presented higher values (3.1-97). The two highest gPCR values in the HER2 positive group were a grade three
patients.

CONCLUSION

As observed in the amplified qPCR values of the cases that were negative in HER2 protein status by IHC or
FISH, a molecular technique such as qPCR or RT-gPCR might be added to the methods for screening HER2 status in
breast cancer patients. The routinely used methods in breast cancer evaluation IHC and FISH might not be as sensitive
as qPCR especially in the higher grades of breast cancer who might get more accurate evaluation and might benefit
from better treatment options. Inaccurate HER2 evaluations may result in inappropriate treatment administration. Future
studies that involve the screening for HER2 mutations alongside the conformational evaluation by qPCR in HER2
negative compared to HER2 positive are important. Finally, hormone receptors and HER2 as molecular markers are of
prime therapeutic importance and have the capability to take part in future drug development techniques.
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