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● Human epidermal growth factor receptor 2 (HER2)-positive breast cancer is 

present in approximately 20% of breast cancer patients. HER2-targeted 

therapies are widely used to treat of HER2-positive breast cancer. 

● HER2 expression is evaluated by HER2 protein using immunohistochemistry 

     (IHC), and ERBB2 gene amplification by fluorescence in situ hybridization 

     (FISH) is performed in routine clinical practice for breast cancer. Some studies 

     have suggested that increased ERBB2 mRNA expression is involved in the 

     HER2-dependent progression of breast cancer．

● Various binding proteins for HER2 and HER2-dependent signaling are promoted 

     by their interactions.

In this study, we aimed to investigate the relationship between HER2 

expression in IHC, ERBB2 expression, and HER2-binding proteins and to 

clarify the characteristics of cases with different levels of HER2 expression.

Breast cancer tissues were obtained from 58 patients (2008-2011) undergoing 

breast cancer surgeries at Tohoku University Hospital. 

(HercepTest，score 0: N = 20，score 1: N = 12，score 2: N = 13，score 3: N = 13)

The study was approved by the ethics committee at Tohoku University.

■Immunohistochemistry (IHC): 

・NRG1 (Neuregulin 1)

・ERBIN  (Erbb2 interacting protein)

・Grb2 (Growth factor receptor-binding protein 2)

・CEACAM6 (Carcinoembryonic antigen

-related cell adhesion molecule 6)

・HER2 (4B5)

・HER3 

■RNAscope in situ hybridization (RNA-ISH): ERBB2

Grab2 expression was significantly higher in HER2-low than in HER2-negative and was 

significantly higher in HER2-low than in HER2-positive breast cancers. In Herceptest, CEACAM6 

positivity was significantly more frequent in HER2-low than in HER2-negative breast cancers. In 

“4B5”, NRG1 scores tended to be higher in HER2-low than in HER2-negative breast cancers. 

HER3 expression was significantly higher in HER2-low breast cancers than in HER2-negative 

breast cancers. ERBB2 expression showed a positive correlation with HER2 expression. 

Negative

Staining

Cluster analysis showed that HER2-negative breast cancers classified into 

the same cluster as HER2-low breast cancers exhibited high HER2 binding 

protein expression. Clusters containing breast cancers with positive, low, 

and negative HER2 expression were characterized by high ERBB2 scores 

and high expression of HER2 binding protein, suggesting the possibility 

that breast cancer may be promoted in a HER2-dependent manner 

through interaction with HER2 binding protein.

HER2-low and HER2-negative breast cancers include cases with similar characteristics to HER2-

positive breast cancers, suggesting potential applicability of therapies targeting HER3 and other 

HER2 binding proteins. 1) Li J et al., Molecules, 2025. 2) Horimoto Y et al., BMC Cancer, 2022. 3) Nakanishi Y et al., 

Acta Histochem Cytochem, 2004. 4) Iwabuchi E et al., J Pathol, 2018
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