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Abstract
Background: Medical device implants containing metals such as nickel or
cobalt are extensively used in long-term joint replacements, stents, and
contraceptive devices. However, in a limited subset of individuals, the
immune system overreacts to these foreign body implants generating
severe responses often requiring surgical removal. Purpose: The objective
of this study is to develop a chronic metal implant model that can be
repetitively imaged in-vivo in order to better understand the immune
response which will aid FDA's mission to improve the evaluation of the
safety and toxicology of future metal implant products which will benefit
public health. Methodology: A novel imaging method was developed
where the dynamics of the immune cells around an implant can be
chronically monitored and analyzed in a mouse model of metal-induced
dermal allergic hypersensitivity. A transgenic mouse ear model is used
where green fluorescent protein-labeled dendritic cells/monocytes and
labeled T cells can be tracked around an implant using multiphoton
imaging. Various sizes of Nickel nanoparticles in a hydrogel tube are being
tested in both non-sensitized and pre-sensitized animals in acute and
chronic models of metal implant hypersensitivity. Additionally, the
endogenous mouse TLR-4 receptor is replaced with its metal-sensitive
human counterpart to better predict the immune responses in humans
exposed to metal implants. Results: As observed in wild-type animals, the
bright fluorescent dendritic cells formed an even closely spaced array
across the epidermis that was largely static with minor process kinetic
changes. In contrast in the deeper tissue, a series of veil-like monocyte
cells were observed which appear to be rapidly moving macrophages.
Conclusion: The pinna of our transgenic mouse appears to be a promising
location to study the dynamics of immune cell responses to metals in-vivo.

Materials and Methods
Animal models and procedures:
All animal procedures performed were approved by the White Oak FDA
Institutional Animal Care and Use Committee (IACUC), protocol#2020-29.
Fractalkine receptor (CX3CR1-EGFP) transgenic mice were used to track
green fluorescent protein-labeled dendritic cells/monocytes. The human
TLR4 receptor being more sensitive to nickel than the mouse counterpart
we crossed with CX3CR1-EGFP mice to hTLR4 mice to generate hTLR4EGFP mice to be used in the future experiments.
Image acquisition and processing:
A modified upright DMRE Leica TCS multiphoton microscope with a
25X magnification water-immersion lens (1.05 N.A.) was used for timelapse imaging of the mouse ear.
A custom stage was used to securely hold the mouse ear for imaging.
The stage and the holder were maintained at 37°C.
A series of 573 µm × 569 µm Z-stacks were taken every 1 or 2 min at
1K × 1K resolution. The images were processed with custom ImageJ
macros written with the FIJI image processing package.
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Results and Discussion
• We have developed a method to study the immune response to
metal implants in the ear dermis with minimal stress (Fig1).
• To understand the spatial distribution of the immune cells, intrinsic
signal of ear tissue and draining lymph nodes can be obtained
(Fig1B-C).

• Preliminary results indicate that the current method and animal
model is suitable to track immune cells in response to Nickel
exposure in mouse ear and draining lymph nodes (Fig 3A-B).
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Introduction
Hypersensitization to nickel is the most common among all metals. Women
are more prone to nickel allergy as 17% women are allergic to Nickel than
3% men. Nickel is one of the commonly used metals in medical devices.
Usually well-tolerated, a significant fraction of patients develop type IV
immune hypersensitivity response to Nickel-based implants, requiring
device replacement surgeries. The sequence of events leading to a
delayed hypersensitivity reaction involve antigen capture and processing
by the antigen presenting cells (APC) that carry it to the T lymphocytes in
lymph nodes. Following stimulation, the T lymphocytes, especially CD4+
helper T (Th) lymphocytes, proliferate and cause tissue damage in two
ways: the cytokines production and the activation of CD8+ cytotoxic T (Tcy)
lymphocytes. The sensitization process may last 1–2 weeks, and
continuous exposure to metal-protein complexes leads to the onset of the
delayed hypersensitivity reaction. The lymphocyte-mediated immune
response is accompanied by an inflammatory response due to
implantation. Also, type IV hypersensitivity reactions may cause severe
tissue damage that can result in implant removal or induce systemic
toxicity. Here, we aim to develop a long-term real-time multiphoton imaging
method to track the interaction of Nickel particles with APCs and T-cells.
Observations from this study will help us to understand the specific celltypes and time-course of immune reaction involved in nickel
hypersensitivity.

Liba et al 2017 Nature Comm

Figure 1. (A) Leica TCS multiphoton microscope; (B-C) Imaging set-up for
acquiring long-term in-vivo ear pinna imaging.
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Conclusion
• We have developed an in-vivo pinna multiphoton imaging system to
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Figure 3. (A) Representative images of EGFP+ Langerhans and Dendritic
cells in CX3CR1-EGFP mice in normal condition. The bright Langerhans
cells can be distinguished by their characteristic cell body extensions.
Relatively dimmer dendritic cells appear deeper in the tissue and are much
more motile than the Langerhans cells. (B) In contrast to un-implanted
mouse ear, Nickel wire implanted ear shows Langerhans cells with
retracted cell body extensions suggesting cellular injury.

Figure 2. (A) H&E image of mouse ear cross-section showing different
structures (from Liba et al 2017 Nature Comm). (B) Representative image
showing intrinsic signal of mouse ear at 910 nm allows positioning of
immune cells in tissue. Hairs appear green. (C) Representative image of
mouse Inguinal lymph node of CX3CR1-EGFP mouse.
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examine the spatial and temporal response of the immune system to
metal implants in live mice.
The CX3CR1 EGFP fractalkine mouse allows imaging the spatial
relationship of metal implants in-situ in the dermis of the ear.
In the control ear, Langerhans cells are evenly spaced across the
epithelium surface with motile processes.
In contrast Dermal Dendritic Cells in the dermis are highly motile and
appear to randomly move in the dermis.
Insertion of NiTi wire implants postmortem seems to cause a loss of
Langerhans cells around the implant area.
We are currently examining the effects of transparent tube implants
releasing nickel in-vivo.
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