Using Magnetic Resonance Imaging (MRI) to investigate limited distribution of trastuzumab in breast cancer
Background: Patients with HER2 over-expressing breast cancer are treated with trastuzumab (Herceptin ®; Roche), a humanized monoclonal antibody. Despite some significant success, response to trastuzumab is varied, with many patients still experiencing tumour progression. In previous studies I have shown that trastuzumab, a relatively large monoclonal antibody (MAb) therapeutic, has limited distribution in HER2 over-expressing breast cancer xenografts [Baker et al., 2008. Clinical Cancer Research 14(7); p2171]. The penetration of trastuzumab away from vessels was highly heterogeneous and did not correlate with vascular density or perfusion status (Figure 1). Our hypothesis is that tumour vascular function can predict regions of microregionally heterogeneous trastuzumab distribution in breast tumours. The goal of this research project is to use magnetic resonance imaging (MRI) to assess tumour vascular function and correlate this with trastuzumab distribution and treatment outcome in breast tumour xenografts.

Research Objectives:

1. Differentiate between blood flow and permeability in MRI studies of breast cancer models using a macromolecular contrast agent. 

2. Measure microregional variations in vascular function of breast cancer models using MRI.

3. Correlate MR-derived biomarkers of vascular function with histological images of tumour blood vessels, tumour microenvironment, bound trastuzumab & therapy response in breast cancer models.

4. Use MRI to observe changes in vascular function over time during trastuzumab treatment in breast cancer models.

Methods: Using low molecular weight (MW) contrast agents, MRI biomarkers of vascular function such as the volume transfer coefficient (Ktrans) can be the result of vascular permeability or blood flow. A high MW contrast agent developed and under investigation with collaborators at UBC Department of Pharmacy, hyperbranched polyglycerol (HPG), is tagged with both gadolinium and a fluorescent dye. This multi-modal contrast agent enables visualization using both MR and histological methods (Figure 2). Pharmacodynamic data regarding HPG extravasation in breast cancer xenografts will be obtained using histological analysis of HPG and tumour blood vessels, which will enable improved characterization of HPG Ktrans data as a more specific reflection of permeability or blood flow.

Custom-developed implanted fiducial markers (Figure 3) make identification of slices imaged in the same plane for both MR and histology possible such that the same tumour can be examined before and after therapy (Figure 4). 

Microregional vascular function parameters obtained non-invasively using MR imaging of HPG will be correlated with microregional patterns of trastuzumab distribution in breast cancer xenografts (Figure 5). These studies will investigate whether MRI-derived biomarkers of vascular function predict for distribution of trastuzumab and response to treatment. Additional features of the tumour microenvironment including HER2 expression, tumour blood vessels, vascular perfusion and indicators of anti-cancer effects of trastuzumab may also be labeled in the same tumours that were MR imaged. Further studies doing repeat MR imaging of trastuzumab treated xenografts will investigate the potential for trastuzumab to modify tumour vascular function.  

Significance: This research will investigate limited distribution of trastuzumab as a potential mechanism for breast cancer resistance to therapy. Identification of MRI-derived biomarkers for assessment of vascular function involved in trastuzumab distribution could assist in improving clinical patient selection and predicting therapeutic outcome in the treatment of breast cancer.

Figure Legends:

Figure 1. Heterogeneous distribution of trastuzumab. Trastuzumab was administered to Her2+ xenograft-bearing mice. Multiplex immunohistochemistry shows vasculature (CD31, dark blue), perfusion dye (carboycanine, cyan) and trastuzumab (red) after a 26h exposure.  By 26h most vessels have at least some trastuzumab binding of perivascular cells, but independent of vascular density (high, left; low, right) there remain some vessels with less trastuzumab. This intra-vessel heterogeneity in trastuzumab distribution results in some tissue remaining unexposed to systemically administered trastuzumab. Scale bars 200µm.   [Baker et al., 2008. Clinical Cancer Research 14(7); p2171].
Figure 2. Hyperbranched polyglycerol (HPG) as multi-modal imaging agent. Images of (A) HPG fluorescence in a tumour cryosection and (B) HPG concentration from calibrated changes in R1 relaxation rate of the same slice and orientation. Corresponding T1-weighted RARE MR images are shown (C) prior to and (D) 40min post-injection of HPG.. [Saatchi, et al., 2012. Bioconugate Chemistry 372(23); p372].

Figure 3. Correlating MR imaging with histological analysis. Excellent correlations between MR and histological images are obtained using implanted fiducial markers constructed of polyethylene tubing filled with saline and paraffin. This marker, detectable using both modalities, enables re-imaging of the same planes in different modalities and on multiple days. Markers (left) shown in MR images (middle) and in histological image of vascular staining (right).

Figure 4. Experiment workflow. A typical experiment workflow involves MR imaging of Her2+ xenografts (A) followed by histological processing and multiplexed immunostaining (B) such that images from both modalities may be overlayed for contextual analysis (C).

Figure 5. Correlating MRI and histological images for quantitative analysis. MRI-derived biomarkers such as IAUC are displayed as parameter maps (top) and are compared to histological images of perfusion that are downsampled or at full resolution (middle), enabling comparison of detailed microenvironmental features at high resolution (bottom) to those of MRI.  These comparisons are verified quantitatively in a correlative chart. [Bains, Baker et al., 2009. Int J Rad Oncol Phys 74(3); p957].
