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Introduction

The main cause of mortality from breast cancer is related the dispersion of cancer to distant sites of the body, metastasis. In order to successfully metastasize, cancer
cells must detach themselves from their original location, invade a blood or lymphatic vessel, travel in the circulation to a distant site and then establish a new cellular
colony (1). Two major factors determine the dissemination of cancers to distant organs: the environment of the metastatic target site, and the properties of the cancer
cells (2). Inbreast cancer, the most common sites of metastatic disease are the bones, lungs, liver and lymph nodes. A major process associated with tumor growth and
metastasis is angiogenesis - the formation of new capillaries and generation of blood vessels. This process is essential for the development of the tumor vasculature,
which preserves nutrient supply and allows for the drainage of waste (3). Angiogenesis also playsa major role in invasion and metastasis by providing the tumor cells a
vascular access to distant targets. A comprehensive research of angiogenesis during tumor progression and metastasis using non-invasive means can help identify the
main processes and “actors’ in this complex interplay. In this work, in-vivo MRI methods were used to monitor breast cancer progression and metastasis in an animal
model. We concentrated mainly on metastasis to the bone, which isa preferential site for breast cancer metastasis.

Methods

Human breast cancer cells MDA-MB-231 were orthotopically inoculated (1* 107) in the mammary glands of SCID mice. All animal procedures were performed
according to the regulations of the committee on animals at the Weizmann institute of science. Prior to imaging mice were anesthetized with 1% isoflurane and the legs
were stretched in order to image the bones in the same plane. The MR experiments were performed on a4.7T Biospec spectrometer (Bruker). Images were acquired in a
field of view of 5X5 and matrix size of 256 x 128 extrapolated to 256x256. The imaging protocol consisted a T;-weighted axial 3D gradient-echo sequence (TR/TE =
18.3/4.3ms, flip angle, 30°, acquisition time, 37sec) acquired pre-contrast and a dynamic acquisition for 30 min after a bolus injection of GADTPA (0.5 mmol/kg
weight). Comprehensive evaluation of the contribution of different factors to the contrast enhancement as well as model based analysis (4) yielded parametric images of
the transcapillary transfer constant (K*™) and extravascular extracellular volume fraction accessible to the contrast agent (EVF). The MRI results were assessed by
comparison with histology findings.

Results
Metastases were detected in H&E stained sections of the lungs, bones and lymph nodes 32-46 days
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after cell inoculation. The volume and histopathological features of the primary tumors were determined
by analyzing their T,-weighted images. The primary tumors also exhibited a central cyst as was
previously described (5). The K" and EVF parametric images of the primary tumors demonstrated
high inter- and intra-tumoral heterogeneity. Metastasis |ocalization was detected in histological slices of

the bones, sectioned and screened every 80-100 microns. The metastases loci in the MR images were

identified in maximal enhancement maps and were found to correlate with metastasis loci in the
histological sections (Figure 1). Analysis of the data using the model-based approach generated K"™™
and EVF maps in the identified metastatic loci (Figure 2). The K"* and EVF values of bone metastases
were similar to those of the primary tumor in its progressed stage, at which metastases were detected
(Average values shown in Table 1). Further analyses of the data also indicated disparity in the influx
and outflux transfer constants in the primary tumors, suggesting the presence of elevated interstitial

pressure. Interstitial hypertension could contribute to the high metastatic potential of these tumors.

Table 1: K™= min™ EVF
Primary (n=6)  0.011+0006  0.16+ 0.04 0 Kiers min? 0.02

Metastases (n=7) 0.009 + 0.003 0.11+0.01
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Conclusion

We have demonstrated, in an animal model, the capacity of high-resolution contrast enhanced MRI to detect small loci of metastasis of breast cancer to the bone.
Furthermore, high similarity between the vascular properties of the primary and the secondary tumors was detected, suggesting similar mechanisms of angiogenic
processes in both sites. This similarity in the vascular properties may further help in detection of breast cancer metastases.
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