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DEVELOPMENT OF A NEW MOLECULAR IMAGING
APPROACH FOR EARLY DETECTION OF LUNG
METASTASIS
Melemenidis, S., Smart, S., Khrapichev, A., Muschel, R., Sibson, N.

Introduction: An essential step in metastasis formation includes
tumor cell migration and invasion. This requires the plasticity
of matrix adhesions structures. The migration of tumor cells is
indeed highly controlled by the assembly/disassembly of those
adhesions. These consist of cytoskeletal structural components,
adaptor proteins, tyrosine kinases and phosphatases that together form the so-called integrin adhesome. Although some
adhesome components are known to be essential in metastasis
formation, it remains unclear how exactly the adhesion-mediated signaling controls the diversity of migratory and invasive
behaviours of tumor cells.

Introduction: Previously, we have demonstrated that antibodyconjugated microparticles of iron oxide (MPIO) targeting vascular cell adhesion molecule-1 (VCAM-1) enable early detection of
brain metastases in mice in vivo using MRI, as a consequence
of VCAM-1 upregulation on tumour-associated vessels1-3. We
have also demonstrated early upregulation of VCAM-1 in lung
tissue containing metastases. The objective of this work, therefore, was to determine whether VCAMMPIO bind to sites of metastasis in the lungs and, thus, could enable early detection of
these tumours.

Methods: To provide a systematic analysis of genes that regulate matrix adhesion dynamics, we performed a high content
screen with MCF7 breast epithelial cells, using siRNAs targeting
human genes encoding phosphatases and kinases. We did setup an image-based fixed assay that allows the quantification of
the assembly and disassembly of the matrix adhesions in MCF7
cells using confocal microscopy. We applied the nocodazole
assay described earlier by Ezratty and coworkers (Ezratty et
al.,2005). Addition of nocodazole resulted in adhesion assembly
while its washout provoked adhesion disassembly (Le Devedec
et al., 2012). Under these conditions we fixed and stained the
knockdown cells for vinculin a marker of matrix adhesions.
Results: The primary screen involved the identification of hits
that impair focal adhesion assembly and/or disassembly. A validation of the hits yielded high confidence genes; some were further studied using time lapse microscopy of adhesion dynamics
and tumor cell migration in different cell-lines. Importantly, one
of the validated candidate genes PFKFB2, which is involved in
the regulation of cell metabolism, correlated with breast cancer
patient metastasis free survival.
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Conclusions: Our results indicate the feasibility of automated
high content imaging-based screening to identify novel clinically
relevant cancer metastasis associated genes.
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Methods: 8-10 weeks old, female BALB/c mice were used
throughout. Lung metastasis: Mice were injected i.v. with 500,000
4T1-GFP cells. At day 5, 7, 9, 10 and 14 after metastasis induction,
mice were injected i.v. with VCAM-MPIO or IgG-MPIO (4000µg
Fe/kg) and killed 1, 3, 5, 7 or 24 hours later. Tissue from metastatic
model has been acquired at early time points after administration
of 4T1 cells; day 1, day 2, day 3 and day 4 post i.v. of 4T1 cells.
At the desired time point mice were killed, the lungs transcardially perfused with heparinase saline, followed by fixation with
5ml of 4% PFA, inflated with 4% PFA and post fixed in 4% PFA
overnight. Positive control: Mice were injected i.p. with LPS
(0.5mg/ml in 200ml) to induce systemic inflammation 4h prior to
i.v. injection of VCAM-MPIO or IgG-MPIO (4000µg and 75µg of
Fe/kg). 1h post-VCAM-MPIO injection the animals were killed
and lungs processed as above. Dose response: mice were injected i.v. with decreasing doses of VCAM-MPIO (4000, 1000,
400, 200, 100, 75 and 50µg Fe/kg body weight). One hour postinjection mice were killed, the lungs transcardially perfused
heparinase saline and inflated with 4% PFA. Samples were embedded in 1% agarose and T2*-weighted MR images acquired.
Subsequently, lungs were assessed immunohistochemically.
Results: We have demonstrated expression of VCAM-1 on the
lung vasculature, including microvasculature, by immunohistochemical assessment, both in the positive control model and
in the metastatic model. Specifically for the metastatic model
we observe that VCAM-1 expression is upregulated on the endothelium of vessels and capillaries, within and around micrometastases. VCAM-MPIO binding is consistently observed after
i.v. administration of 4T1-GFP cells, from as early as 5 days
(<50um diameter of colony) up to 14 days after tumour cell injection (>800um diameter of colony). IgG-MPIO showed no specific
binding in either the positive control or metastatic models.
Conclusions: These data suggest that VCAM-MPIO bind specifically to VCAM-1-positive vessels in lungs associated with
metastases. Bright air-space lung imaging using hyperpolarised
xenon is in development to enable in vivo imaging of VCAMMPIO binding4. Early detection of lung metastases could greatly
enhance therapeutic efficacy.
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