OPTIMIZATION OF FAITHFUL BREAST CANCER MODELS AS PLATFORMS FOR THE ADVANCED PRECLINICAL EVALUATION OF POLYMER THERAPEUTICS
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Introduction: The polymer conjugation of anti-cancer drugs provides advantages over the “free” form of a given drug, including enhanced passive tumor targeting and altered pharmacokinetics1 thanks, in part, to enhanced control over biodistribution/drug release. However, traditional models employed to evaluate polymer-drug conjugates do not recapitulate important in vivo tumor characteristics, thereby representing a fundamental barrier to clinical translation as two-dimensional (2D) cell cultures lack relevant gradients (e.g., pH, O2, nutrients) and cell interactions2. 
Objectives: We aim to develop and characterize preclinically relevant three-dimensional (3D) breast cancer culture systems (including patient-derived) as platforms for novel anti-cancer polymer therapeutic evaluations.
Materials and Methods: We established and optimized patient-derived breast cancer organoid2 and spheroid cultures derived from four breast cancer subtypes. First, we compared subtype- deﬁning receptors (ER, PR, HER2), levels of reactive oxygen species (ROS), and the lysosomal cysteine protease cathepsin B between 2D and 3D cell line-derived cultures. Secondly, we optimized the toxicity study in organoids and spheroids using a polyglutamic acid (PGA) conjugate of the chemotherapeutic agent doxorubicin (PGA-Dox) that employs an acid cleavable hydrazone linker. Finally, we also studied the internalization proﬁles of polymer therapeutics by confocal microscopy using ﬂuorescently-labeled unconjugated PGA.
Results and Discussion: Our current data conﬁrm similar expression levels of ER, PR, and HER2 in breast cancer spheroids when compared to 2D cultures; however, 3D cultures of MCF7, MDA-MB-453, and ZR75 cell lines displayed signiﬁcantly increased ROS levels compared to 2D cultures, while cathepsin B levels tended to decrease in 3D ZR75 cultures when compared to 2D culture. We observed the internalization and lysosomal colocalization of PGA-Dox in spheroids and determined an IC50 value 10-fold and 6.5-fold higher in 3D culture than in 2D culture for PGA-Dox and free Dox, respectively. Furthermore, spheroids and organoids of the same subtype exhibited similar IC50 values.
Conclusions: Our findings highlight the requirement for reliable advanced preclinical models to generate robust characterization data for polymer therapeutic-based therapeutic approaches. We now aim to apply our breast cancer models to evaluate both single drug and combination therapies in the hope that our platforms will accelerate clinical translation of promising treatment strategies.
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Figure 1. Representative images of breast cancer 3D models. A. Cell-line derived breast cancer spheroids. B. Patient-derived breast cancer organoids. Scale bars = 50 μm
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