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Three—dimensional ultrastructural analysis for human hair follicles by focused
ion beam scanning electron microscopy

Hair follicle (HF) is a complex small-organ, composed by distinct cells, which are
originated from epithelial, mesenchymal, endothelial and nerve cells. In the hair
bulb dermal papilla (DP) cells which are derived from mesenchymal cells play
instructive roles in hair follicle development and hair cycle regulation. The dermal
sheath (DS) cells are contiguous to DP at the stalk of basal plate and DS cells are
resources of DP cells. DP is affected by androgen to be shorten the anagen phase
and the HF is miniaturized. The HF also functions as a sensory organ, and the
lanceolate nerve endings (ILNEs), which detect hair movement as sensory receptors,
are closely involved in the bulge, which is the hair follicular stem cell niche.
The three-dimensional (3D) structure of mesenchymal cells in the hair bulb and LNEs
at the isthmus have not been analyzed sufficiently by conventional light and electron
microscopy. Furthermore, LNEs have hardly been investigated in human scalp terminal
hairs. Therefore, it is important to gain better understandings of the structure of
normal hair follicles in the human scalp skin.

In this study, we developed the technique of observation for human HFs by
focused ion beam scanning electron microscopy (FIB-SEM). At the first, we focused
on morphology of mesenchymal cells in the hair bulbs, which were micro—dissected
from scalp skin. 3D ultrastructural analysis revealed the different characteristics
between DP and DS cells. At the stalk of basal plate, the cellular morphology of
mesenchymal cells changes from flatten DS cells to DP cells which have branched
structures. It was also suggested that cell-cell adhesion structures among the DP
and the DS cells respectively were gap junctions.

Next, we revealed the distribution and 3D-ultrastructure of LNEs at the



isthmus of human terminal HFs by lightsheet microscopy and 3D-correlative light and
electron microscopy, which are bombinated between confocal laser microscopy and FIB-
SEM. All HFs were not innervated by the LNEs, and the LNEs were distinguished at
one terminal HF but not at the other terminal HFs in the same follicular unit. The
expression of Piezo—type mechanosensitive ion channel component 2 was distinguished
at the LNEs by immunoelectron microscopy. This suggested that LNEs have a function
as mechanosensors. Furthermore, the number of LNEs in miniaturized HFs was
significantly more than that in terminal hairs. This suggests that the LNEs undergoes
structural changes as the hair follicle becomes miniaturized.

Basic research on human hair follicles has been accumulated by this research.
Further research will be applied to research and development such as thinning hair

in the future. These results will contribute to the hair biological science.
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