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Detection of calcium gradients in live ex vivo human epidermis using a novel approach based
on phasor analysis of two-photon excitation Fluorescence Lifetime Imaging (FLIM)
A Celli,1 SA Sanchez,2 M Behne,3 T Hazelet,2 E Gratton2 and T Mauro1 1 Dermatology, VAMC-
UCSF, San Francisco, CA, 2 Biomedical Engeneering, University of California Irvine, Irvine,
CA and 3 Dermatology and Venerology, University Hospital Hamburg-Eppendorff,
Hamburg, Germany
Ionic gradients are found across a variety of tissues, and control vital functions in skin. It has been
difficult to accurately measure whole tissue ionic gradients in vivo, as previous methods have been
ill-suited to address problems of tissue thickness, concentration artifacts, and calibration across
inhomogeneous tissue. Here we show that a novel, minimally invasive, experimental and analytic
imaging approach accurately quantifies and localizes the free Ca2+ gradient in ex vivo epidermis
and dermis, and allows simultaneous analysis of epidermal morphology and Ca2+ concentrations
in the same samples. This method is based on the combination of two-photon excitation fluores-
cence lifetime imaging (FLIM) and a novel data analysis technique based on the phasor represen-
tation of the FLIM data (Digman et al 2008). Skin samples from adult patients were incubated with
the fluorescent calcium sensitive dye Calcium Green 5N (CG5N) whose lifetime is sensitive to vari-
ation in calcium concentrations. The use of two-photon excitation provides high axial and lateral
spatial resolution, deep tissue penetration, and low out of focus photodamage, while the phasor
plot analysis allows calibrating the response of the dye to calcium directly in tissue. The high spa-
tial resolution offered by this method and the data analysis performed allowed us to measure
intracellular average calcium concentrations directly in tissue and detect a previously unknown
bimodal distribution of Ca2+ concentrations in the proliferative epidermal basal layer. This approach
reveals that the extracellular space in epidermis is much narrower than previously thought, local-
izes most epidermal Ca2+ to intracellular stores. These new findings suggest that long-held hypothe-
ses addressing Ca2+ control of differentiation and barrier formation require revision.




