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Abstract
For many years the function of the sebaceous gland (SG) was underestimated and suggested by
Albert M. Kligman as a remnant of human development, a ‘living fossil with a past but no future’.
However, the last two decades of studies and the discovery of neuro-endocrine pathways in skin
have determined the importance of the SG in cutaneous biology and homeostasis. SGs play their
role in cutaneous homeostasis by contribution to local steroidogenic pathways, antimicrobial
activity, and display of immune (both pro- and anti-inflammatory) properties. Despite several
important manuscripts and reviews regarding SG biology and function, there was an urgent need
for a high quality methodological guide through SG identification and quantitative evaluation. In
this issue of Experimental Dermatology, Hinde et al. present a practical guide to SG research-
outlining methods, defining immunohistochemial markers, and providing guidance to both novice
and more experienced SG researchers.
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Commentary
Long the bane of pimple-faced teenagers, sebaceous glands were previously understood to
be superfluous, occasionally annoying, evolutionary remnants (1–3). Past research focused
on the production of sebum, which in animals covers the fur and assists in hydrophobic
protection and thermoregulation (2, 3). However, our understanding of the sebaceous gland
has changed dramatically in the past two decades. Recent findings have shown that the
functions of sebocytes go far beyond the production of sebum and the formation of the
passive cutaneous barrier (2, 4, 5). The sebaceous gland is a neuro-immuno-endocrine mini-
organ which has multiple complex functions (4, 5). These functions include the regulation of
cutaneous steroidogenesis, local androgen synthesis, interaction with neuropeptides,
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synthesis of specific lipids with antimicrobial activity, and exhibition of pro- and anti-
inflammatory properties (2, 3, 6, 7).

Of particular interest is the role of the sebaceous gland in the proposed cutaneous equivalent
of the hypothalamic-pituitary-adrenal (HPA) axis, a hypothesis first introduced in 1996 (8,
9) and further substantiated over the last two decades of research (10, 11). SGs have been
shown to both produce and have receptors for neurotransmitters and mediators of HPA axis,
including CRH, urocortin, proopiomelanocortin (POMC)-derived β-endorphin, α-MSH and
ACTH (4, 12–18) and have a potential to produce glucocorticoids and metabolize (13, 19,
20). Therefore, SGs are thought to be involved in functions of cutaneous stress responses
system (7, 10, 18) with CRH playing a central role in this regulatory mechanism (11).
Additionally, sebocytes have fascinating immune-like functions, releasing proinflammatory
cytokines which could interact with receptors localized on sensory nerve endings, such as
substance P (SP) (2–5, 7). Supporting the unique role of the SG as a place where neuro-
immuno-endocrine systems meet and cooperate, there is evidence of a rich innervation and
presence of Langerhans cells combined with high steroidogenic activity (Fig. 1) (2–5, 7, 19).

Sebaceous glands have historically constituted a technical challenge to researchers. Because
of their rapid differentiation, primary isolated sebaceous glands and sebocytes could not be
grown in culture for extended periods (21, 22). Additionally, diseases such as acne vulgaris
are exclusively human diseases and were a challenge to study in animal models (2, 3, 6, 23).

Fortunately, solutions have been found. Imperfect animal models have largely been replaced
by human sebaceous-gland derived cell lines which have improved our insight into
sebaceous gland biology and molecular regulation (3, 24, 25).

As increasing numbers of researchers begin working in this field, there was a need for a
review of SG research methodology. In this issue of Experimental Dermatology, Hinde et al.
(5) present a practical guide to SG research- outlining methods, indicating
immunohistochemical markers, and providing guidance to both novice and more
experienced SG researchers. The authors provide practical considerations for tissue
processing for any analysis of the SG. They discuss SG histochemical stains and their
possible clinical uses such as oil red staining, which is useful in the diagnosis of sebaceous
gland carcinoma and their metastatic lesions. They also recommend confocal or three-
dimensional microscopy for quantitative morphometry of SG. This review provides
inclusive information on available markers of SGs. Authors provide nicely summarized
information in succinct subchapters and tables for reader’s convenience.

In summary, the intriguing findings of studies on the sebaceous gland have raised many
other questions. Possible targeted regulation of cutaneous HPA axis elements for therapy
and/or immunomodulation would be a fascinating approach to treat sebaceous gland related
diseases. Looking to the future, it is our hope studies using these methods will lead to
discoveries that decrease suffering of patients with SG diseases.
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Figure 1.
Sebaceous gland (SG), a place where neuro-immuno-endocrine systems meet and cooperate.
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