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We describe a case of Lichtenberg Figures (LFs) following an electrical injury from a
high-voltage switchgear in a 47 year-old electrician. LFs, also known as ferning pattern or
keraunographic markings, are a pathognomonic skin sign for lightning strike injuries. Their
true pathophysiology has remained a mystery and only once before described following
an electical injury. The aim was to characterise the tissue response of LFs by performing
untargeted non-labelled proteomics and immunohistochemistry on paraffin-embedded
sections of skin biopsies taken from the area of LFs at presentation and at 3 months
follow-up. Our results demonstrated an increase in dermal T-cells and greatly increased
expression of the iron-binding glycoprotein lactoferrin by keratinocytes and lymphocytes.
These changes in the LF-affected skin were associated with extravasation of red blood
cells from dermal vessels. Our results provide an initial molecular and cellular insight into
the tissue response associated with LFs.
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INTRODUCTION

Lichtenberg figures (LFs), also known as ferning pattern, feathering, keraunographic markings or
arborescent burns, are a pathognomonic skin sign for a lightning strike injury (1). They received
their name from Georg Lichtenberg, who in 1777 first described them whilst conducting static
electricity experiments. The true pathophysiology of LFs remains unknown (2, 3). LFs appear to be
a mysterious infrequent, transient sequelae of lightning strike injuries and have been sporadically
reported in several case reports (1-10). They arise from a positive discharge on the skin that, in
the case of negatively charged lightning, is speculated to be generated by flashover from a nearby
protrusion at earth potential (11). Our group recently reported a case of LFs following a lightning
strike injury and discussed its possible pathophysiology (10, 12).

Here, we describe the protein-level molecular characterisation of LFs in a patient that suffered
a high-voltage electrical injury from an alternating current switchgear and presented with
non-blanching red marks consistent with LFs over his right flank. We performed untargeted
non-labelled proteomics and immunohistochemistry on paraffin-embedded biopsy sections of
LF-affected skin in comparison to follow-up skin samples to unravel the molecular and histological
pathobiology of the tissue response at the time of LFs.
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FIGURE 3 | (A) Heatmap clustering of differentially expressed proteins in three consecutive tissue sections of 3 month follow-up control (¢1-3) and injured (i1-3)
biopsy samples. (B) Lactoferrin (LTF)-associated activated and inhibited pathways and identified differentially expressed proteins (DEPs) associated to each. (C) Top 3
predicted upregulated pathways and their associated DEPs. (D) Top 3 predicted inhibited pathways and their associated DEPs. Differentially expressed proteins and
associated signalling pathways were analysed using Ingenuity Pathway Analysis (IPA).
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FIGURE 4 | (A) Immunohistochemical (IHC) staining for CD3 (general T-cell marker) and CD20 (general B-cell marker) in biopsy section from electric-arc-injured skin.
(B-D) demonstrate IHC staining for selected differentially expressed proteins as discovered in the proteomics analyses. Specifically, IHC stainings for (B) Lactoferrin,
(C) Plastin L, and (D) Transgelin in skin biopsy sections after high voltage injury and at 3-month follow-up control. Magnifications 100x and 400x. (E) Proposed
sequence of events after electric discharge on the skin associated with the appearance and fading of Lichtenberg figures.

ionising radiation that as a positive discharge-even in ambient  patient suffered from electric discharge arising from switchgear
air-develops a characteristic ferning pattern (29). With negative ~ with alternating currents. From the photographs (Figures 1C,D)
discharge, Ten Duis et al. observed a less random and more  one can speculate the patterns on the left to have arisen from
deterministic or homogenous pattern (11). Interestingly, our  negative discharge while the fractal, ferning pattern on the right
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(lower flank) demonstrates a typical LF. It can be speculated that
the patient’s skin LFs arose with a positive discharge from the
switchgear either during an appropriate voltage polarity or that
the LFs on the right flank derive from a positive flashover to
which e.g., the wrench that the patient carried in his right hip
pocket could have contributed.

By utilising untargeted proteomics on clinical samples taken
at presentation and after healing, we provide further insight into
LFs as a transient physical and pathological phenomenon. We
associate a specific molecular tissue response, vascular injury,
red blood cell extravasation, and CD3™ T-cell accumulation with
the positive electric discharge that generated LFs on the skin.
Of particular interest is the expression of LTF and the T-cell
abundance at the site of injury. It is tempting to speculate that
the mitogen-dependent stimulation of T-cell proliferation by
iron (30), presumably presented in the LF-affected tissue in the
form of extravasated red blood cell-contained haeme iron, may
contribute to local T-cell responsivity (31). In turn, LTF would
then act as a homeostatic control of the T-cell response.

In conclusion, we postulate that an innate alarm response
from the positive electric discharge-induced skin burn is
triggered by resident keratinocytes and immune surveillance
T-cells (Figure4E). The dermal vasculature is damaged by
the discharge leading to extravasation of red blood cells that
may contribute to the appearance of LFs. The tissue LTF
response serves multiple purposes ranging from fine tuning and
locally limiting the innate immune response to sequestration of
extravasated red-blood-cell-derived iron. Our results suggest a
central role for T-cells and a LTF-mediated tissue response after
electric discharge on skin with LFs.
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