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Fluorescent Microscopy Results Suggest Nickel Aggregation in Static Cultures

Abstract
Implantable medical devices represent a multi-billion-dollar market
worldwide. Medical device implants typically contain metals which can vary in
terms of alloy composition and biocompatibility. Over the last few decades,
seminal work concerning metal-containing implantable device toxicity has
uncovered a relationship between the immune system and metals released
by these implants. However, the role of metals in modulating the host
immune response remains understudied, as well as unifying current
knowledge of metal toxicity from cell culture models and resulting disease
pathology. Hence, there is a critical need to develop models to assess metal
toxicity with physiologically relevant in vitro models that are comparable for
multiple metal-containing implants. This will enable sponsors to test for cell
regulatory and immunogenic markers and more reliably predict adverse
outcomes when considering implant material choices. The aim of this work is
to develop biologically relevant in vitro models in order to understand how
metal exposure effects immune response and complements results from in
vivo models.
To develop this model, we will employ a perfusion-based system that takes
advantage of microfluidics to culture cells under flow. This creates a shearing
force that more accurately mimics in vivo conditions when compared to
traditional static-culture growth. Perfusion cell culture has been shown to
influence how cells respond to certain stimuli, such as exposure to metals.1-4
In this preliminary work, human osteoarthritic chondrocytes (HCOA) were
exposed to varying concentrations of nickel while cultured under static
conditions, establishing a baseline for morphology and viability. We
developed two customized microfluidic chips—one unique to testing metal
ions and a second for testing metal particles to control for particle size. Serial
concentrations of physiologically relevant nickel (Ni) ions were tested,
followed by measuring cellular viability. Nickel exposure reduced cellular
viability in a concentration dependent manner. Additional modelling includes
testing elevated levels of nickel exposure and whether this prompts an
immune response that correlates with an arthritic cell model. Studies are
required to quantify expression levels of several immune factors, assay other
medically relevant implant metals (Co or Cr) to complement global immune
response illustrated by animal models, to unify results and generate a
clinically relevant modelling system.
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Figure 1: Preliminary microscopy results of HCOA exposed to varying concentrations of nickel over 24h – HCOA cells
were stained with DAPI (nuclear stain), CellMask Orange (CM Orange, F-actin stain), and Newport Green (nickel stain,
nonspecific) to determine the uptake of nickel by HCOA cells under static culture conditions over a 24h period. Red arrows indicate
potential aggregates of nickel, suggesting the uneven distribution of nickel in static cultures. All images were obtained with an
EVOS M7000 microscope, Olympus X-Apo 10X Objective.

Polydimethylsiloxane (PDMS) microfluidic chips are currently under
development for the purpose of testing metal particles (A) and metal ions (B),
which will be used with our perfusion fluidic system. Over the last few
decades, PDMS has become a commonly used cellular scaffold that is highly
biocompatible, and physically tunable. This has enabled in-house customized
microfluidic chips composed of PDMS which can be iteratively assembled.
Initial studies will assess the biocompatibility of microfluidic chips as
fabricated. Incorporating these chips with our current microscopy and
perfusion system, we will be able to perform live cell experiments under
specific shear conditions.
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Figure 2: EVOS M7000 Microscope (left) and Onstage Incubator
(right) – The recently acquired EVOS M7000 Microscope enables
automated high-throughput imaging at several different magnifications,
and three different fluorescent color channels. The onstage incubator
allows for live cell imaging applications over several days, to simulate
chronic metal exposure conditions. Both static and perfusion culture
systems can be used with the onstage incubator, permitting direct
comparisons between the two techniques.
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Future Directions

Figure 3: HCOA viability in the presence of nickel – HCOA cells
remained viable after 24h of exposure to nickel, grown in static
conditions. A TecanM1000 was utilized for fluorescent intensity
measurements, made in technical and experimental triplicate. Further
studies are needed to understand immune response and at the
transcriptional level.

1. Continue to assess nickel cytotoxicity and cellular morphology differences
between static and perfusion cultures to create initial qualitative and
quantitative comparisons, which will guide future steps.
2. Utilize different immune markers to examine variations ascribed to static
and perfusion cultures.
3. Investigate differences between metal ion and metal particle uptake in
static and perfusion systems.

References
1. J. Mack, T. S. Mosqueiro, B.J. Archer, et al. Nature Communications, 2017.
2. J. Xu, J. Mathur, E. Vessières, et al. Vascular Physiology. Cell, 2018.
3. T. Keeley, R. Siow, R. Jacob and G. Mann. FASEB, 2017.
4. A. Sabine, E. Bovay, C.S. Demir, et al. The Journal of Clinical
Investigation, 2015.

The findings and conclusions in this poster have not been formally disseminated by the USFDA and should not be construed to represent agency determination/policy. The mention of commercial products herein is not to be construed as either an actual or implied endorsement.

