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Background: HER2 is an important prognostic and predictive 
marker in invasive breast cancer. It is currently assessed by 
immunohistochemistry for protein over-expression and by 
fluorescence in situ hybridization for gene amplification. The 
immunohistochemistry-equivocal cases (2+) are currently 
retested by FISH to determine eligibility for trastuzumab 
treatment. Retesting by FISH significantly raises the cost of 
patient management and sometimes delays treatment. The 
4B5 is a new, FDA-approved, rabbit monoclonal antibody for 
HER2 testing. 
Objectives: To examine the reliability of 4B5 IHC HER2 testing 
in cases found by CB11 IHC to be HER2 status equivocal. 
methods: Twenty-eight invasive breast cancer cases, with 
an equivocal HER2 status by CB11 IHC, were retested by the 
4B5 antibody as well as by FISH analysis. The scoring was 
performed using the same guidelines as HercepTest and was 
correlated with the FISH ratio. 
results: Of the original 28 CB11 clone designated equivocal 
cases, 14 (50%) showed negative HER2 staining using the 4B5 
clone (HercepTest score 0 and 1+). Five cases (18%) proved 
to be positive (HercepTest score 3+) and 9 cases (32%) 
remained equivocal (HercepTest score 2+). The corresponding 
FISH ratio results showed that all 4B5 negative cases were 
negative by FISH testing, with a negative predictive value 
of 100%; 4 of 5 of the 4B5-positive cases were positive by 
FISH testing, with a positive predictive value of 80%. One 
4B5-positive case was borderline-high (2.2 ratio) by FISH. 
The correlation between 4B5 IHC and FISH was statistically 
significant (P = 0.0013) by chi-square test.
conclusions: Sequential testing by 4B5 IHC could greatly 
reduce the need for FISH testing in cases considered HER2 
equivocal by CB11 IHC.  
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t he human epidermal growth factor receptor 2 gene 
ERBB2 (commonly referred to as HER2) is amplified in 

approximately 18% to 20% of breast cancers [1]. HER2 over-
expression is associated with clinical outcomes in patients 

with breast cancer [2-4]. Perhaps most importantly, several 
studies have now shown that agents that target HER2 are 
remarkably effective in both the metastatic and adjuvant 
settings. Trastuzumab (Herceptin®, Genentech, CA, USA), 
a humanized monoclonal antibody, improves response rates, 
time to progression, and survival when used alone or added to 
chemotherapy in metastatic breast cancer [5,6]. Trastuzumab 
is also active as a single agent [7,8] and was approved in 1998 
by the U.S. Food and Drug Administration for the treatment 

of metastatic disease.
HER2 proto-oncogene amplification is usually accompa-

nied by protein over-expression. The gene amplification is 
generally determined by the fluorescent in situ hybridization 
method and the protein expression is determined by immu-
nohistochemistry. In a typical pathology laboratory, both 
assays are performed on formalin-fixed paraffin-embedded 
tissue material.  In the FISH method, a labeled probe is added 
to the denatured patient's DNA, which recognizes the target 
gene and enumerates fluorescence signals that are counted 
using a fluorescence microscope to assess HER2 gene ampli-
fication. In contrast, immunohistochemistry is performed 
using monoclonal or polyclonal standardized antibody 
kits, which generate a colored reaction that is evaluated by 
bright field microscopy [9]. American Society of Clinical 
Oncologists/College of American Pathologists recommen-
dations for HER2 testing have clearly defined the categories 
as positive (immunohistochemistry score 3+), equivocal 
(immunohistochemistry score 2+) and negative (immu-
nohistochemistry score 0/1+). Among these categories, the 
equivocal or weakly positive (2+) category creates confu-
sion about trastuzumab treatment; therefore, it requires an 
additional FISH test, as recommended by American Society 
of Clinical Oncologists/College of American Pathologists 
guidelines [10]. A few studies have compared HER2 results 
by immunohistochemistry and FISH. In these studies, the 
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greatest concordance rate is observed in immunohistochem-
istry score 3+ cases in which the majority showed amplifica-
tion by FISH. In the equivocal 2+ cases, different studies 
show variable findings with a high rate of false-positive 
results observed by follow-up negative FISH results. In 
other studies, the amplification rate of HER2 in the equivo-
cal group was approximately 25% [11], emphasizing the need 
for additional FISH testing. Retesting equivocal 2+ cases by 
FISH significantly increases the cost of patient management 
and delays the final report of the HER2 status. As a result, 
treatment decisions are also delayed. 

The Ventana Medical Systems Inc. PATHWAY anti-HER2/
neu (4B5) rabbit monoclonal primary antibody is a new FDA-
approved rabbit monoclonal antibody intended for the semi-
quantitative detection of HER2 antigen. It was compared to 
the widely used PATHWAY HER-2 (clone CB11) primary 
mouse antibody on an independent sample set and was found 
to provide acceptably concordant results [12].

The objective of our study was to evaluate the expression 
of HER2 protein expression using the new 4B5 antibody for 
previously defined (CB11) 2+ equivocal cases, and to cor-
relate the results with the FISH ratio score.

materials and methOds

Twenty-eight invasive breast carcinomas showing equivocal 
HER2 immunostaining (immunohistochemistry score 2+ by 
the CB11 clone) were randomly selected from our pathology 
files from July 2006 to December 2007. The original paraf-
fin blocks were examined for HER2 protein expression, by 
Ventana Pathway HER-2 (clone 4B5) antibody, using a pro-
tocol set by the manufacturer on the Benchmark XT; Ventana 
Medical System (Tucson, AZ, USA) [12].

her2 scOring

The scoring was performed using the same guidelines as 
HercepTest™, as follows: 

0 = negative (no staining is observed or membrane stain-•	
ing is observed in < 10% of tumor cells) 
1+ = negative (a faint/barely perceptible membrane stain-•	
ing is detected in > 10% of the tumor cells)
2+ = equivocal (a weak to moderate complete membrane •	
staining is observed in > 10% of the tumor cells)
3+ = positive (a strong complete membrane staining is •	
observed in > 10% of the tumor cells).

Corresponding FISH results were obtained from our 
cytogenetics laboratory. FISH was performed at the time of 
initial diagnosis using a PathVysion dual color probe (Vysis 
Inc., Downers Grove, IL, USA). FISH was scored as amplified 
if the HER2 signals to chromosome 17 centromere signals 
were greater than 2.2 and non-amplified if the ratio was less 

than 1.8. Statistical analysis was performed by GraphPad 
PRISM®4 software, using chi-square testing. Ethical com-
mittee approval was granted.

results

The study results are shown in Table 1 and Figure 1. Of 
the original 28 CB11 clone designated equivocal cases 14 
(50%) showed negative HER2 staining using the 4B5 clone 
(HercepTest score 0 and 1+). Five cases (18%) proved to be 
positive (HercepTest score 3+) and 9 cases (32%) remained 
equivocal (HercepTest score 2+). The corresponding FISH 
ratio results showed that all 4B5-negative cases were also 
negative by FISH testing, and that 4 of 5 of the 4B5-positive 
cases were also positive by FISH testing. One 4B5-positive 
case was borderline-high (2.2 ratio) by FISH [Figure 1A].

case no. 4B5 status Fish ratio

1 0 1.4

2 0 1.4

3 0 1.25

4 0 1.6

5 0 1.6

6 0 1.7

7 0 1.25

8 1 1.33

9 1 1.34

10 1 1.4

11 1 1.32

12 1 1.3

13 1 1.5

14 1 0.58

15 2 0.8

16 2 1.8

17 2 1.2

18 2 1.6

19 2 1.3

20 2 2.7

21 2 8.27

22 2 2.1

23 2 2.93

24 3 5.5

25 3 6.5

26 3 4.8

27 3 2.2

28 3 10

table 1. 4B5 status and FISH ratio of the study cases
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suppresses HER2 activity, thereby facilitating apoptotic cell 
death. Clinical trials have shown that the relative risk of recur-
rence is decreased by 50% when trastuzumab is added to the 
adjuvant chemotherapy regimen in HER2-positive women. 
In addition, trastuzumab significantly prolongs survival in 
HER2-positive metastatic breast cancer patients. Therefore, it 
is important to accurately assess the HER2 status for patients 
who may benefit from targeted therapy. 

To detect HER2 status the following methods were used – 
immunohistochemistry to evaluate the level of HER2 protein 
in invasive carcinomas, and FISH to assess gene amplification. 
Each method has advantages and disadvantages. The immu-
nohistochemistry method is less expensive, less cumbersome, 
and has a shorter assay time. However, the results may be 
affected by the processing and fixation methods. There is vari-
ability in the HER2 expression using different monoclonal 
and polyclonal antibodies, ranging from 26% to 42%. The 
discrepancies in the published literature regarding increased 
expression levels of HER2, by different antibodies, are attrib-
uted to the possibility of variations in tissue preparation and 
scoring criteria rather than the nature of these antibodies [11]. 
The FISH method, on the other hand, is a semiquantitative 
assay, which is less subjective but expensive [13]. 

The 4B5 rabbit monoclonal antibody was recently approved 
by the FDA to assess the HER2 status of invasive breast car-
cinoma. In a previous study it was compared to the widely 
used FDA-approved mouse monoclonal antibody CB11 and 
was found to provide acceptably concordant results. In our 
study we further analyzed the CB11 determined equivo-
cal 2+ group and demonstrated that 4B5 showed excellent 
agreement with the FISH method. Although based on a small 
number of cases, we believe these results indicate the feasi-
bility and potential usefulness of sequential IHC testing by 
4B5 following an equivocal CB11 result. Furthermore, only 
32% of the previously equivocal cases needed retesting by 
FISH. These results imply that the sequential testing by CB11 
followed by 4B5 antibodies has better segregation capability 
than using a single antibody. This approach has the potential 
for significant time and cost savings in the management of 
breast cancer patients. 
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Chi-square analysis demonstrated a P value of 0.0013 
for the association of 4B5 IHC results with the FISH results 
[Figure 1B]. This finding indicates a statistically significant 
association between the results of these two tests. However, 
in order to determine the clinical usefulness of our suggested 
approach, the predictive value of 4B5 testing has to be taken 
into account. The positive predictive value of 4B5 +3 results 
was 80% (4 out of 5). The negative predictive value of a 4B5 
negative or +1 result was 100% (14 out of 14 cases).

discussiOn

HER2 is over-expressed in 15–20% of invasive breast car-
cinomas [10]. HER2 expression is an individual prognostic 
factor for predicting the aggressive behavior of the tumor 
as well as the benefit from adjuvant therapy. Trastuzumab 

Figure 1. Distribution of FISH results according to the 4B5 
immunostatus. [a] Numerical FISH results by 4B5 IHC.  
[B] Categorical distribution of FISH results according to 4B5 IHC
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Toll-like receptor (TLR) signaling is essential for intestinal 
tumorigenesis inApcmin/+ mice, but the mechanisms 
by which Apc enhances tumor growth are unknown. 
Lee et al. show that microflora-MyD88-ERK signaling in 
intestinal epithelial cells (IECs) promotes tumorigenesis 
by increasing the stability of the c-Myc oncoprotein. 
Activation of ERK (extracellular signal-related kinase) 
phosphorylates c-Myc, preventing its ubiquitination 
and subsequent proteasomal degradation. Accordingly, 
Apcmin/+/Myd88−/− mice have lower phospho-ERK 
(p-ERK) levels and fewer and smaller IEC tumors than 
Apcmin/+mice. MyD88 (myeloid differentiation primary 

response gene 88)-independent activation of ERK by 
epidermal growth factor (EGF) increased p-ERK and c-Myc 
and restored the multiple intestinal neoplasia (Min) 
phenotype inApcmin/+/Myd88−/− mice. Administration of 
an ERK inhibitor suppressed intestinal tumorigenesis in 
EGF-treated Apcmin/+/Myd88−/− and Apcmin/+ mice and 
increased their survival. These data reveal a new facet of 
oncogene-environment interaction, in which microflora-
induced TLR activation regulates oncogene expression 
and related IEC tumor growth in a susceptible host.

Nature Med 2010; 16: 665
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erK activation drives intestinal tumorigenesis inapcmin/+ mice

Inflammation induced by recognition of pathogen-
associated molecular patterns markedly affects sub- 
sequent adaptive responses. Strutt and co-researchers 
asked whether the adaptive immune system can also 
affect the character and magnitude of innate inflammatory 
responses. The authors found that the response of memory, 
but not naive, CD4+ T cells enhances production of multiple 
innate inflammatory cytokines and chemokines (IICs) in the 
lung and that, during influenza infection, this leads to early 
control of virus. Memory CD4+ T cell-induced IICs and viral 

control require cognate antigen recognition and are optimal 
when memory cells are either T helper type 1 (TH1) or TH17 
polarized but are independent of interferon-gamma and 
tumor necrosis factor-alpha production and do not require 
activation of conserved pathogen recognition pathways. 
This represents a previously undescribed mechanism by 
which memory CD4+ T cells induce an early innate response 
that enhances immune protection against pathogens.

 Nature Med 2010; 16: 558

Eitan Israeli

capsule

memory cd4+ t cells induce innate responses independently of pathogen

“whenever you find humor, you find pathos close by his side”
Edwin P. Whipple (1819-1886), American essayist and critic




