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HER2 Testing in Invasive Breast Cancer: A Comparison 
Between Immunohistochemistry and Fluorescence In 
Situ Hybridization Assays

Background:  HER2 status testing in breast cancer is crucial for the detection of eligible patients for 
trastuzumab therapy. In this study, the relative copy number of HER2 gene, in patients with breast 
cancer, was determined by Fluorescence in Situ Hybridization (FISH) and the results were compared 
with those of Immunohistochemistry (IHC) to obtain the concordance rate between these two methods.

Materials and Methods: HER2 status of 31 invasive breast cancer samples was compared using 
IHC and FISH techniques. The ratio of HER2/CEP17 was used to determine the amplification of the 
HER2 gene. If the ratio of HER2/CEP17 is greater than 2.2, HER2 gene amplification has occurred in 
the cancer cells. Then, a comparative analysis is performed to estimate the concordance rate between 
FISH and IHC results.

Results: The gene amplification of HER2 was observed in 26% of cases by FISH. The IHC and FISH 
results showed 100%, 36.36%, and 85.71% concordance rates for cases with IHC scores of 3+, 2+, and 
0/1+, respectively. The overall concordance between the two methods was 80%. Based on statistical 
analysis, HER2 status showed a considerable correlation with tumor grade (P= 0.02). No correlation 
was observed between HER2 gene status and the size and type of tumor, characteristics of lymph 
node, and patients’ age.

Conclusion: The data suggested that IHC results are reliable for HER2 status testing in cases with 
IHC scores 0/1+ and 3+. However, in patients with an IHC score of 2+, it is necessary to perform 
a complimentary test to evaluate HER2 status to avoid haphazard treatment with trastuzumab in 
negative cases and identifying positive cases for suitable treatment.
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 Introduction

ER2 gene also referred to as erbB2 or 
neu, is a proto-oncogene located on the 
chromosomal region 17q12. This gene 
produces a protein responsible for con-
trolling some of the important activates 

of the cells, including cell multiplication and survival [1]. 
The protein is a member of the epidermal growth fac-
tor receptor (EGFR) family that includes four receptors: 
HER1, HER2, HER3, and HER4 [2]. All the receptors 
in this family, except HER3, share the same physiologi-
cal characteristics such as extracellular ligand-binding 
domain (including domain I, II, III, IV), hydrophobic 
membrane-spanning region, intracellular tyrosine ki-
nase domain flanked by a juxtamembrane domain, and 
carboxyl-terminal tail with tyrosine autophosphoryla-
tion sites [3]. Ligand binding to the receptors leads to 
the dimerization of the receptors. The cytosolic domain 
of the dimerized receptors phosphorylates each other at 
specific tyrosine residues which lead to the activation of 
the receptors [4]. 

Activated receptors stimulate downstream signaling 
pathways and play a significant role in cell development, 
proliferation, and differentiation. These effects are me-
diated via pathways such as MAPK (mitogen-activated 
protein kinase), PI3K/AKT (phosphatidylinositol 3-ki-
nase (PI3K)/protein kinase B [AKT]), and phospho-
lipase pathway [5]. The development of different can-
cer, including breast tumors, is mediated by abnormal 
expression and signaling of these receptors. Therefore, 
HER receptors are considered as eligible therapeutic 
targets for many cancers [6]. Overexpression of HER2, 
due to aberrant gene amplification or transcription, could 
be detected in 20-30% of breast cancers which results in 
increased cell proliferation, and cell survival and dimi-
nution of cell mortality; all of which correlate with poor 
prognosis, highly aggressive and metastasis nature of 
such tumors and their resistance to conventional thera-
pies including hormone therapy, radiation and certain 
types of chemotherapy [7-9]. Treatment of HER2 posi-
tive breast cancers is usually performed using a human-
ized version of murine mAb 4D5 against HER2 recep-
tors called trastuzumab [10]. 

Trastuzumab is an effective treatment only in patients 
whose tumors are positive for HER2 gene amplification. 
Some patients do not respond to trastuzumab or acquire re-
sistance to trastuzumab. For this reason, other drugs such 
as lapatinib, pertuzumab, and neratinib have been devel-
oped for the treatment of HER2 positive breast cancer [11]. 
Among the predictive and prognostic factors in breast 

cancer, assessment of HER2 for the prognosis and thera-
peutic decision of breast cancer patients is a vital step at 
the time of clinical examination.

The assessment of HER2 can be performed at three 
levels; examination of protein, mRNA, and DNA. Im-
munohistochemistry (IHC) and ELISA examine HER2 
status at the protein level. qRT PCR and microarray 
are used for the assessment of HER2 at the RNA level. 
FISH (fluorescence in situ hybridization), CISH (chro-
mogenic in situ hybridization), SISH (silver-enhanced 
in situ hybridization), southern blot, and MLPA (multi-
plex ligation-dependent probe amplification) are some of 
the techniques for HER2 status assessment at the DNA 
level [12]. FISH and IHC are the most common methods 
which are used for HER2 status evaluation in breast can-
cer [13]. IHC is a specific technique that uses fluorescent 
or enzyme tagged antibodies (monoclonal or polyclonal) 
to detect the presence and distribution of target antigens 
in the studied samples [14]. 

Despite the low cost of the IHC test, it has some limita-
tions, such as the variability of antibody specificity and 
sensitivity, and discrepancy in the interpretation of the 
result. These problems can be circumvented by FISH 
analysis [15]. FISH determines the copy number of the 
gene and IHC evaluates the protein expression level. 
IHC analysis is a routine, easy, relatively quick, and cost-
effective technique that involves the detection of HER 
receptors on the cell membrane in tissue using poly-
clonal or monoclonal antibodies. In this system, scoring 
is semi-quantitative and the extent of membrane staining 
determines the score on a scale from 0-3. According to 
the ASCO/CAP guideline, staining scores of 0 and 1+ are 
negative, 2+ is interpreted as ambiguous and 3+ is consid-
ered positive. Tissue handling, fixation method, sensitiv-
ity, and specify of antibody, and the scoring criteria are 
some variables that could affect IHC result [15]. 

FISH seems to be more objective and accurate than 
IHC and is a clinically verified replacement for IHC. In 
this method, a fluorescently labeled probe is added to the 
tissue section which is hybridized with its target gene in 
the nucleus of the cells. To determine the amplification 
status of the HER2 gene, the relative fluorescent emission 
of HER2 signals to the chr17 signals per cell nucleus was 
used for scoring [16]. According to the standard guide-
lines of ASCO/CAP, if the ratio of HER2 to CEP17 is 
greater than 2.2, HER2 gene amplification has occurred 
in the cells. On the other hand, if the ratio is less than 
1.8, HER2 gene amplification has not occurred. Finally, 
if the ratio of HER2/CEP17 is between 1.8 and 2.2, it is 
considered ambiguous [15]. In this study, our purpose 
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was to estimate the relative proliferation of HER2 gene 
in patients suffering from infiltrating breast cancer, using 
FISH, and compare these findings with IHC results. 

Materials and Methods

Tumor specimens

Tissue specimens of invasive breast carcinomas from 
46 patients were used in this study. The Institutional 
Ethics Committee of Shahrekord University of Medical 
Sciences, Shahrekord City approved this study (Code: 
90-8-5). Standardized written consent was obtained 
from all patients and they were given the information 
regarding the purpose of the study and data that would 
be published. 

The characteristics of patients’ tumors, including type, 
grade, and size of the tumors, as well as the status of 
lymph node and the personal information of the patients 
(e.g., age), if possible, were provided for the participants. 
The Zytolight SPEC HER2/CEN17 kit (ZytoVision, 
Bremerhaven, Germany) was used for identifying HER2 
gene status. This kit contains two different probes. The 
green-labeled probe (ZyGreen) targets the HER2 gene 
and the other one which contains orange-labeled polynu-
cleotides (ZyOrange) targets tandemly repeating DNA 
sequences of the centromere of chromosome 17, known 
as alpha satellite sequences.

Immunohistochemistry (IHC) analysis

The patients who participated in the present study were 
previously referred to Dr. Faghihi’s Pathological Lab 
(Isfahan, Iran) to perform the IHC test, for determining 
their HER2 status. The results of their IHC analysis are 
used in this study to compare them with the obtained 
data from the FISH test.

FISH analysis 

The FISH procedure was performed using the manu-
facturer’s instruction. A fluorescent microscope (Olym-
pus BX5) equipped with appropriate filters was used to 
evaluate the intensity of the lights emitted from fluores-
cent-labeled probes. Firstly, the specimens were spliced 
as 4-µm sections and were laid onto saline-coated slides. 
After 10 minutes of incubation at 70ºC, the slides were 
deparaffinized in xylem (Merck KGaA, Darmstadt, Ger-
many) for 2×10 minutes. A concentration gradient of 
ethanol (100%, 100%, 90%, 70%) was applied to dehy-
drate the samples followed by immersing the slides in 
the pretreatment solution citric at 98ºC for 15 minutes. 

After washing the slides in distilled water for 2×2 min-
utes and drawing of the liquids, tissue sections were ex-
posed to pepsin solution. Subsequently, the slides were 
kept in a humidity chamber for 10 minutes. Following 
enzymatic digestion, the slides were rinsed with SSC buf-
fer for 5 minutes and then submerged for 1 minute in 
distilled water. Thereinafter the slides were dehydrated 
in 70%, 90%, and 100% ethanol solutions, each for 1 
minute. The digestion degree of slides was determined 
by applying 10 µL of 4, 6-diamidino 2-phenylindole 
(DAPI) solution, and the quality of the slides was as-
sessed with a fluorescent microscope. 

After pretreatment, the solution containing the probes 
of HER2 and centromere of chromosome 17 was ap-
plied. After placing coverslips on the slides, for dena-
turing the chromosomes, they were heated at 75ºC for 
10 minutes and incubated overnight at 37ºC in a humid-
ity chamber. After hybridization, the slides were treated 
with a 1x washing buffer for 2×5 minutes at 37ºC. By us-
ing a gradient series of ethanol (70%, 90%, 100%) each 
for 1 minute, the slides were dehydrated and air dried. 
Finally, by applying 30 µL of DAPI, the slides were 
counterstained. Olympus BX5 fluorescence microscope 
(Olympus, Tokyo, Japan) was used to analyze the fluo-
rescence emission of the probes. The ratio of HER2 sig-
nal to the CEP17 signal was measured in the nuclei of 40 
cells, which were morphologically intact and separate. 
HER2 to CEP17 ratio greater than 2.2 was interpreted as 
an indication of HER2 gene multiplication.

Statistical analysis 

The Chi-squared test, with a significant level of 0.05, 
fulfilled to assess the association between HER2 status 
and other pathological and clinical characteristics.

Results

FISH results

HER2 gene duplication in the formalin-fixed paraffin-
embedded tissue specimens was detected by FISH (Figure 
1). In 12 cases (26%), the amplification of the HER2 
gene was detected while in the other 34 samples (74%), 
no multiplication of the gene was detected. The equivocal 
FISH results were not found in the present study. In Table 1, 
the personal information of the patients and their tumor 
characteristics are shown.
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IHC results 

The IHC analysis of HER2 protein was evaluated in 31 
patients. Fourteen cases had an IHC score of 0/1+, 11 cases 
had an IHC score of 2+, and 6 cases had an IHC score of 3+.

Comparison of the two assays

On the whole, considerable concordance was seen be-
tween the results of these two tests (IHC and FISH) in 22 
patients. Ten and 12 cases were detected as positive and 

Figure 1. The results of the FISH analysis for HER2 gene amplification. Left: negative HER2 amplification; the ratio of HER2 
(green) to CEP17 (red) is less than 2.2. Right: positive HER2 amplification. The ratio of HER2/CEP17 is more than 2.2.

Table 1. Information regarding the tumor characteristics of 46 patients with invasive breast cancer

Characteristic No. (%)

Age (y)
≤50

>50

30 (65.2)

16 (34.8)

Tumor size (cm)

<2

≥2

Uncertain

17 (37)

20 (43.5)

19 (19.5)

Histological type

Ductal

Lobular

Other

29 (63)

7 (15.2)

10 (21.7)

Histological grade

Grade 1

Grade 2

Grade 3

Uncertain

5 (10.9)

19 (41.3)

15 (32.6)

7 (15.2)

Lymph node status

Positive

Negative

Uncertain

20 (43.5)

14 (30.14)

12 (26.1)
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negative by either two methods, respectively. As a result, 
80% of concordance was seen between these two meth-
ods. Based on the IHC test, 14 specimens were detected 
as IHC 0/+1. But FISH analysis confirmed that only 12 of 
them had no gene amplification and the results for the two 
remaining samples were opposite. Gene amplification 
was detected in these two cases by FISH, but could not 
be detected by IHC. IHC test, assigned 11 specimens to 
IHC 2+. On the other hand, the FISH analysis showed that 
only 4 samples had HER2 amplification and the gene am-
plification was not detected in the remaining 7 samples. 

These results exhibited 36.36% concordance between 
IHC and FISH for the 2+ group. In a group of patients 
whose protein evaluation by IHC was measured as 3+, 
HER2 gene amplification was also observed by FISH in 
all cases in this group, indicating a 100% concordance 
between the results of these two methods. In particular, 
gene amplification in 4 cases in this group was high and 
the signals were seen in cluster form. The FISH results 
were negative in 12 cases which assigned to 0/1+ group 
by IHC and were positive in 2 cases that showed 85.71% 
concordance (Table 2). Statistical analysis showed a cor-
relation between HER2 status and tumor grade (P=0.02) 
and tumors with HER2 gene amplification had high 
pathological grade (Table 2). In ductal carcinoma, the 
amplification of the HER2 gene was more frequent than 
other types of breast cancer (83.3%); however, no as-
sociation was observed between HER2 status and the 
tumor type. No correlation was observed between HER2 
status and the size of the tumor, lymph node characteris-
tics, and the age of patients.

Discussion

Assessment of HER2 status is an essential factor for the 
prognosis and management of breast cancer [12]. Stud-
ies have shown that the amplification and overexpression 
of HER2 gene in breast cancer are associated with poor 
prognosis of the diseases and patients with HER2 positive 
breast cancer are shown to have shorter disease-free and 

overall survival than patients with normal HER2 status 
[17, 18]. Besides, HER2 status predicts response to HER2 
targeted therapy and other cancer therapies. HER2 posi-
tive tumors respond better to anthracycline chemotherapy 
and also HER2 positive status is associated with hormone 
therapy resistance [19-21]. 

Due to prognostic and predictive significance, HER2 is a 
target for drug development. Trastuzumab is a monoclonal 
antibody targeted against the extracellular part of HER2 
protein which has been shown to noticeably increase the 
life expectancy of HER2 positive breast cancer patients 
[22]. Therefore, a precise evaluation of HER2 status is nec-
essary for identifying patients who may benefit from trastu-
zumab therapy [23]. The most common techniques for the 
assessment of HER2 status are FISH and IHC. These two 
methods are supplementary for HER2 status assessment 
so that the former evaluates the DNA level and the latter 
at the protein level [24]. IHC method is fairly quick and 
cost-effective but several factors influence the accuracy of 
the results, such as inter-observer variability and factors in-
fluencing the tissue fixation process [25]. FISH is a quick, 
precise, and reproducible method for HER2 status assess-
ment and is more objective and quantitative than IHC [26]. 

In the present study, HER2 status was evaluated in inva-
sive breast cancer samples by two separate methods of IHC 
and FISH. Then a complete comparison was performed be-
tween the FISH results and the relevant results of IHC. We 
found 100% concordance between FISH and IHC results 
in cases of IHC score 3+, which showed high sensitivity 
of IHC for cases with a high level of protein overexpres-
sion and verify findings of other studies that reported over 
90% concordance [27]. In this study, 36.36% of cases with 
IHC score 2+ showed gene amplification. In other studies, 
the prevalence of gene amplification in IHC score 2+ cases 
has been reported 6%-25% [28]. This finding reveals that 
many cases with IHC score 2+ lack gene amplification and 
are false positive. This concordance rate is similar to find-
ings obtained by Kakar et al. that reported 35% concor-
dance in this group [29].

Table 2. The correlation between tumor grade and HER2 gene amplification

Tumor Grade No.
No. (%)

P
With HER2 Amplification Without HER2 Amplification 

Grade 1 5 0 (0) 5 (100) NS

Grade 2 19 4 (21.05) 15 (78.95) 0.02

Grade 3 15 8 (53.33) 7 (46.66) NS

NS: Not significant
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A possible explanation for this discordant is the overex-
pression of the protein without gene amplification that is 
a very rare occurrence and is seen in only ≤3% of cases. 
About 14.8% of cases with an IHC score of 0/1+ showed 
gene amplification. This discordance may be due to a low 
level of gene amplification and gene transcription result-
ing in a low level of HER2 protein production [30]. In the 
present study, statistical analysis showed concordance 
between HER2 status and histological tumor grade while 
similar results are reported by Yau et al. [31]. Also, Bili-
uos et al. found that the amplification of the HER2 gene 
was prevalent in patients with breast cancer who were di-
agnosed at the grade II and III of the disease (97%) [32]. 

The present study showed that in patients with infiltrat-
ing ductal carcinoma, the multiplication of HER2 gene 
was more frequent, but no significant correlation was 
seen between tumor type and the status of HER2. The 
studied population may not have been large enough to 
detect this correlation. No meaningful correlation was 
detected between the patients’ age, tumor size, and the 
characteristics of lymph nodes. These findings are in 
agreement with the results obtained by Panjwani et al. 
[33]. The findings of this study indicate that FISH is a 
robust and accurate method for the evaluation of HER2 
status compared to IHC analysis. In particular, the re-
sults of IHC are not reliable in cases with IHC score of 
2+ because many of these cases are false positive and 
trastuzumab therapy is not efficacious for this group 
of patients. In other words, these patients do not need 
trastuzumab for therapy. Therefore, it is inevitable to 
perform a complementary test in patients with IHC score 
of 2+ to avoid haphazard treatment with trastuzumab in 
negative cases and recognizing positive cases for suit-
able treatment. 

The research data also suggest that IHC could be a reli-
able method in cases with IHC score of 0/1+ and 3+ since 
high concordance was observed between the results of 
FISH and those of IHC. With regard to the results of this 
research and previous studies, since the HER2 gene mul-
tiplication is related to the poor prognosis of breast can-
cer tumors with high pathological grade, it is suggested 
that performing FISH assay, which is more reliable than 
IHC, help physicians to determine the best treatment for 
these patients.
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