Integrating live-cell fluorescent microscopy and signal processing to discover
the relationship of invadopodia digging cycles with extracellular matrix
crosslinking ratio.
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While the study of many processes happening in a single living cell has become easier than ever via live-
cell fluorescent microscopy, the dynamic nature of such processes has highlighted the importance of signal
processing.

Cancer, which is known as the leading cause of death in western world, initiates with formation of a tumor
and spreading of tumor cells, in a process called metastasis. During the metastasis, cancer cells enter the
blood circulation, travel to distant organs where they can form the secondary tumors. In order to enter the
blood vessels, cancer cells assemble invadopodia, protrusions which enzymatically and mechanically
degrade extracellular matrix (ECM) around blood vessels [1].

It has been shown that an actively degrading invadopodium exhibits cycles of extension and retraction,
which we refer to as “digging cycles” [2]. Further, recent work reported that the crosslinking ratio of ECM
in vivo plays an important role in invadopodia activity [1]. While the digging cycles of invadopodia are
linked to their degrading function [3,4], the direct relationship between the dynamics of these cycles and
the crosslinking ratio of the surrounding ECM is unknown.

In this study, we investigated the influence of ECM crosslinking level on the frequency of invadopodia
digging cycles and degradation. First, invadopodia brightness was monitored via time-lapse fluorescent
microscopy in breast cancer carcinoma cell line (MTLn3) cultured on gelatin at different crosslinking ratios.
Gelatin was crosslinked by glutaraldehyde (GTA) at various concentrations (0.01, 0.05, and 0.2% v/v
GTA). Next, the time-lapse movies were processed via imajeJ in order to record the oscillations in
invadopodia brightness stemming from the digging cycles of invadopodia. Oscillations were then filtered
via Fourier Transform by cutting off the high frequencies attributed to the CCD camera noise. Further, we
applied autocorrelation on the filtered oscillations to extract the periodicity of the digging cycles.
Quantifications were performed for oscillations detected from cells cultured on all the three crosslinking
ratios. At this stage, we observed that invadopodia digging cycles frequency has a biphasic trend in response
to the increase in gelatin crosslinking ratio (the maximum frequency 3.07 mHz at 0.05% GTA).

Next, we investigated the invadopodia degradation at each crosslinking ratio. Interestingly, results showed
that as gelatin crosslinking level increases, changes in the amount of invadopodia degradation perfectly
correlate with that of the frequency of the digging cycles. This result suggests that the invadopodia digging
cycles and ECM degradation are highly coordinated cell activities.
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