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ABSTRACT

A major dilemma facing patients with breast cancer is how to decide between over
treating indolent tumors and failing to adequately treat aggressive, potentially lethal
cancers. Determination of the metastatic potential of a patient’s breast cancer would
clearly help guide those treatment decisions. Breast cancer commonly spreads to bone
in 70% of women with advanced disease. However, the mechanism of bone metas-
tasis is not well understood. One possibility is that the microenvironment within bone
marrow, highly rich in growth factors and cytokines, is suitable for the proliferation of
breast cancer cells. In this study, we developed a method for implanting human bone
in NOD/SCID mice and show that the human bone implants are viable for more than
20 weeks. This human bone NOD/SCID mouse model provides an opportunity to
functionally characterize human breast cancer cell behavior in an in vivo human
microenvironment. Several breast tumor cell lines have been shown to grow in the
human-bone-NOD/SCID model system, however each line has a different functional
profile. Here we show that cotransplantation of GFP-MDA-MB-231 breast cancer cells with
morcellized human bone allows for tissue specific metastasis to an initially tumor free bone
implant. Furthermore, metastasis of breast tumor cells to implanted tumor-free human bone
was seen when patient bone containing a metastatic breast tumor was implanted in the host
mouse. With this model, we can distinguish between primary invasive breast tumors with
and without bone metastatic potential.

INTRODUCTION

Bone is the most common site of metastasis in breast cancer, affecting up to 70% of
women with advanced disease, leading to bone complications or skeletal-related events.
Such complications are often severe, seriously impairing the quality of patient life and
function. Studies of bone metastatic potential in primary breast tumors have been
hindered by the inability to determine which tumors will eventually metastasize to bone.
Research on tumor metastasis relies heavily on the availability of experimental in vivo
models of metastasis that involve passage of malignant cells into immunodeficient hosts.

An early model system for investigating the engraftment and proliferation of normal
and neoplastic human cells was the severe combined immunodeficiency (SCID) CB-17
mouse which lacks functional B- and T-cells and is therefore unable to reject allogeneic or
xenogeneic tumor cell grafts. Although many breast cancer cell lines will survive in SCID
mice, complete immunosuppression, i.e., pretreatment of mice with anti-GM1 serum and
radiation to deplete macrophages and NK cells,! is necessary to grow xenotransplanted
primary breast tumors.2 Even with irradiation, only tumors that have already metastasized
in the human patient are likely to grow in the SCID mouse system.3 Such tumors typically
lack the growth characteristics and metastatic properties of human breast cancer when
grown in irradiated SCID mice.24

A more recently derived SCID strain, the non-obese and diabetes-free (NOD)/
LtSz-scid/scid (NOD/SCID) mouse, is known to be the most immunodeficient of SCID
variants, lacking functional B/T cells and circulating complement, with low natural killer
cell function as well as defective macrophage function. NOD/SCID mice are the most
supportive hosts for normal and malignant human cells®>® and human B-cell differentia-
tion has been shown to occur in the absence of supplemental human growth factors.8 This
indicates that the environment and associated growth factors of the NOD/SCID mice
may be a particularly favorable nonhuman environment for supporting engraftment of
human cells. Also, unlike SCID mice, whose reproductive system and thus hormonal envi-
ronment are compromised, NOD/SCID female mice are fertile, with a fully functional
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