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Lyme Disease is caused by the bacteria Borrelia burgdorferi and is transmitted via tick-bites. According to the CDC, there were 62,551 confirmed cases with around 476,000 estimated cases in 2022. Acute manifestations include an erythema migrans rash and flu-like symptoms, while chronic symptoms such as arthritis, cardiological, and neurological impairments can remain even after antibiotic treatment. Current models to study Borrelia transmission include murine models as well as ex vivo human skin. Murine skin differs greatly in structure as well as cellular content, while ex vivo human skin is the gold standard, but availability is limited, and patient-to-patient differences exist. This presents a need for a laboratory-generated human skin model that is reproducible and can be used to detect pathogen transmission and dissemination following a tick-bite. We have developed a novel tick feeding system that builds upon a well-described in vitro 3D-organotypic human skin model that is composed of epidermal and dermal layers. Both ticks and Borrelia are affected by immune cells during tick feeding, thus we have introduced macrophages derived from CD14+ monocytes into the dermal layer for up to 20 days. Additionally, we have added MaxGel to the dermal layer which contains a variety of ECM components that are abundant in human skin and can affect skin structure, immune cell function, and pathogen adhesion. To mimic re-colonization of the skin following a disseminated infection, B. burgdorferi were placed under the transwell holding the organotypic skin and left static over the course of 3 days. Monocyte-derived macrophages introduced into the model lived up to 20 days and displayed markers similar to ex vivo human and porcine skin biopsies, such as CD163, but had elongated morphology. This contrasts with in vitro cultured macrophages that started rounding up by Day 10 in culture. The addition of MaxGel increased fibroblast proliferation and keratinocyte differentiation compared to our base model. Upon dissemination into the model, B. burgdorferi exhibited differing morphologies with “round bodies” being found near the epidermis and normal spirochetal shape in the lower dermis. Overall, we have developed a human skin model that can be used for studies of dissemination of tick-borne pathogens and their associated immune responses. Comparisons between our model and human ex vivo and porcine skin have shown similarities, but differences do exist and show the need to further improve the model. Future studies will involve addition of other immune cells and development of vasculature in our organotypic model, which will enable us to dissect the factors required at the tick-skin-pathogen interface for colonization and dissemination. 
