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Background: Every year there are over 50,000 new cases of breast cancer in UK, representing the 

most common UK cancer (CR-UK). HER2 (Human Epidermal Growth Factor Receptor 2) is a 

transmembrane oncoprotein encoded by the HER2/neu gene and overexpressed in approximately 

20 to 25% of invasive breast cancers. Tumours overexpressing HER2 are more aggressive and 

carry a poor prognosis; thus, the receptor is a priority therapeutic target. One targeting entity is 

Trastuzumab (Tz), a monoclonal antibody that has also been attached to anti-cancer agents to form 

an antibody drug conjugate (ADC). A Tz-ADC (e.g Kadcyla) requires access to the cell interior by 

endocytosis to be effective. HER2 is, however, resistant to endocytosis and this is likely to 

significantly affect the efficiency of any Tz-ADC. Our previous studies showed that a process 

mediating HER2 crosslinking by Tz was able to induce HER2 endocytosis, lysosomal delivery and 

degradation - Moody, P. et al. Mol Ther 23, 1888 (2015); Wymant, J., et al. J Cancer 11, 3288, 

(2020). This presented work lies under the hypothesis that nanoparticles (NPs) decorated with 

sufficient numbers of Tz could also cause Her2 crosslinking, endocytosis and degradation to affect 

cell physiology in the absence of a cytotoxic drug. 

Methods: PGLA TZ-NPs was prepared using the oil in water (O/W) emulsion-solvent evaporation 

method using 1:1 mixture of PLGA and PLGA-COOH in acetone. These were mixed with Povinyl 

alcohol prior to aceton removed by overnight stirring and resulting NPs isolated by centrifugation and 

resuspended in PBS. PLGA-COOH activation was via N-hydroxysuccinimide (NHS) and N-(3-

dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride prior to incubation with Alexa488-labelled 

Tz or Tz alone. The resulting Alexa488-Tz-NPs or Tz-NPs (mean size 230nm) were then analysed 

on breast cancer cells for cytotoxicity and endocytosis via live-cell confocal microscopy. 

Results: The generated Alexa488-Tz-NPs (mean size 230nm) were found to be highly selective for 

HER2 expressing breast cancer cells over controls.  The NPs were observed as large clusters at the 

plasma membrane, indicative of HER2 receptor clustering and large amorphous structure (possibly 

endosomes) were also observed inside the cells. Interestingly, Alexa488-Tz-NPs internalization was 

very rapid (< 30 min) differing considerably to Tz-Aexa488 alone that showed very little evidence of 

endocytosis even after 7 hrs.  In the absence of a cytotoxic drugs Tz-NPs showed higher levels of 

toxicity compared to Tz or NP alone. 

Conclusions: The data shows that there is a high possibility that the generated Tz-NPs are initially 

inducing plasma membrane Her2 clustering that is then driving endocytosis. Our previous studies 

using a different crosslinking method suggest that this may be via plasma membrane ruffling and 

uptake via macropinocytosis. Further work will explore this and also investigate whether different NP 

structures can be tailored to give the same level of internalisation and higher cell death. 


