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Abstract

Historically, sebaceous glands (SG) have been viewed as troublesome provocateurs of
seborrheic dermatitis and acne. Yet, recent studies have illuminated a suite of posi-
tive attributes of SG (Points 1-6, below), including lubrication of hair follicles to avert
scarring alopecia. Because of their abundant lipase activity, secreted SG lipids deliver
both glycerol (endogenous humectant) and antimicrobial free fatty acids onto the skin
surface (Points 2&3). Though human epidermis makes substantial vitamin D3 (VD3), in
furred mammals, VD precursors must first be delivered onto the surface prior to photo-
and thermal conversion into VD3 (Point 4). Likewise, epidermis deploys several antioxi-
dant enzymes, but vitamin E is delivered to the skin surface via SG secretions (Point 5).
Finally, SG secrete volatile odorants (Point 6) and possibly pheromones.
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Introduction

Sebaceous glands (SG) are metabolically active, multi-lobular structures that
are integrated into the hair follicles of mammals, forming the so-called piloseba-
ceous unit. As they differentiate, sebocytes undergo holocrine rupture, releasing
their constituent lipids into the pilosebaceous canal. Because SG express the
fatty acid transporter, FATP4, additional lipids could be added to sebum that de-
rive from the circulation. Sebaceous lipids contribute around 90% of skin surface
species in adolescent and adult humans, where they admix with epidermis-de-
rived species, while exerting net negative effects on permeability function (a con-
clusion that has been disputed) [1]. Since SG remain quiescent from late infancy
through early adolescence, their activity clearly is not required for skin develop-
ment. But this observation should not be interpreted incorrectly — they certainly
can impact skin function both positively and negatively later in life. Though in
some ways problematic, SG secretions provide numerous benefits, detailed be-
low. In addition, they signal a host of cutaneous innate and adaptive immune
responses, which in turn regulate sebocyte differentiation and homeostasis [1].

Friend or adversary?

The controversial, though influential dermatologist, Albert Kligman, M.D., Ph.D.,
once proclaimed that the only role of sebaceous glands (SG) was to provoke
problems; i.e., seborrheic dermatitis and acne vulgaris [2]. Because SG need
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not supply important distal cholesterol metabolites, such as cholesterol itself
and vitamin D3 in hairless humans (see below), the sterol biosynthetic pathway
in human SG aborts at squalene (a form of metabolic conservation that diverts
precious calories towards other critical functions, such as growth and/or lacta-
tion). Yet unfortunately for acne sufferers, squalene becomes highly inflamma-
tory should it escape from SG into deeper layers of the skin.

Evolution long ago would have eliminated these metabolically expensive
(and active) structures if they weren't bestowing critical benefits for mammals,
including humans. Notably, sebaceous tissues respond to hormonal signals in
a manner similar to adipose tissues. In both leptin-deficient and in ob/ob mice,
SG glands hypertrophy in parallel with adipose tissues. Below, certain positive,
and often critically important attributes of SG are enumerated.

Composition of epidermal vs. SG lipids

Three key lipids generate the extracellular lamellar bilayers that both protect
against external threats and minimize excessive transepidermal water loss:
cholesterol, free fatty acids, and a family of ceramides. With the exception of
cholesterol, each of these end products relies upon the prior synthesis of polar
lipid precursors; i.e., phospholipids, which are hydrolyzed by a family of secre-
tory phospholipases into a suite of non-essential free fatty acids [3, 4]; sphin-
gomyelin, which is hydrolyzed into selected (two) ceramides by acidic sphingo-
myelinase [5]; and ceramides, which are generated from glucosylceramides by
beta-glucocerebrosidase [6]. In addition, some cholesterol forms as cholester-
ol sulfate and is hydrolyzed during transit across the stratum corneum.

After their synthesis, all these lipids are packaged within epidermal lamellar
bodies, which then deliver their contents into the extracellular spaces at the
junction of the stratum granulosum and stratum corneum (SC). By weight, ce-
ramides comprise about 50% of SC lipids, though cholesterol, free fatty acids,
and ceramides are present in an approximately 1:1:1 molar ratio that is required
to form the extracellular lamellar bilayers.

In contrast, SG-derived lipids comprise a mixture of branched chain, unsat-
urated fatty acids of varying composition, depending upon the subject’s age
and gender. In a comprehensive review, Smith and Thiboudot document the key
ingredients in human sebum, with glycerolipids and free fatty acids accounting
for over 50% of the total, while wax esters (25%), squalene (12%), and choles-
terol esters (2%) account for the remainder [7]. Yet, how administered topical
agents (such as retinoids) and steroid hormones (such as testosterone and
estradiol) influence this mixture is not well understood.

Enumeration of critical functions

Hair follicle lubrication

While studies in asebia-2J (Scd1(ab2J)) mice [8] showed that sebaceous lipids
are not required for permeability barrier function [9], others have documented
several important roles for SG and SG secretions. Pertinently, barrier function
remains intact in the hair follicle down to the entry point of the duct draining
SG, while the hair follicle epithelium above that level can regenerate a fully
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functional barrier [10]. Yet, function deteriorates immediately below that level,
as demonstrated with electron dense tracers [9]. As noted above, reductions in
SG secretions precipitate scarring alopecia in humans [11], indicating import-
ant lubricating properties that facilitate the outward migration of hair follicles.

1. Vitamin D delivery

Several decades ago, researchers sought the origins of the skin’s antirachitic prop-
erties in furred rodents [12]. While urine, feces, and other bodily secretions failed
to reveal activity, testing of a greasy material, adherent to the animals’ wire cages,
exhibited the sought-after activity, providing the initial evidence that SG secretions
could deliver vitamin D (VD3) to the surface of furred animals’ skin. Though the fur
of most mammals blocks incident UV-B from reaching the epidermis, VD3-laden,
SG secretions can bypass this restriction. Accordingly, much of the ‘social groom-
ing’ that occurs in furred animals includes licking of each other’s skin surface, like-
ly resulting in the ingestion of substantial VD3 (though not applicable to humans,
here we record a second important function for SG - delivery of VD3 to the skin
surface of hairy mammals, where it subsequently can be ingested).

In contrast, incident UV-B readily breaches the epidermis of sparsely haired,
modern humans, quickly converting the distal cholesterol precursor, 7-dehydro-
cholesterol (7DHC) into pre-VD3 [13], followed by its thermal conversion to VD3.
In geographic regions of northern Europe, where little UV-B irradiation penetrates
the atmosphere, loss-of-function (LOF) mutations in the enzyme, 7-dehydrocho-
lesterol reductase, become relatively common in affected humans, ensuring that
7DHC remains available for photoconversion [14, 15]. These northern-dwelling
humans also frequently display LOF mutations in the gene encoding filaggrin,
which after distal proteolysis and deimination yields trans-urocanic acid, the
most potent UV-B photophore in human skin [16], further assuring that incident
UV-B will penetrate deep into the nucleated layers of the epidermis (11), where
VD3 is generated. Indeed, because we humans generate abundant vitamin D
(VD3) in our epidermis, the cholesterol biosynthetic pathway in SG aborts distal
to the formation of squalene in service to metabolic conservation.

2. Stratum corneum hydration

Our studies in asebia mice yielded insights into yet another function of SG - hy-
dration of the stratum corneum (SC). We found evidence of considerable lipase
activity in SG, which if active, would hydrolyze sebum-derived tri- and diglycerides
not only into free fatty acids [17], but also into glycerol, a potent endogenous
humectant. This conjecture is consistent with the observation that SG-enriched
skin sites, like the forehead and upper torso, exhibit elevated SC hydration [18].
This finding brings us up to three important functions of SG — prevention of
scarring alopecia, VD3 delivery to the surface of hairy skin, and tissue hydration.

3. Antimicrobial activity

Returning to the lipolysis of glycerolipids in SG, consider that not only glycerol,
but also abundant free fatty acids (FFA) are formed, which join epidermis-de-
rived FFA following the hydrolysis of phospholipids in epidermal terminal
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differentiation [19]. These species are antimicrobial for several reasons, in-
cluding their ability to destroy microbial pathogens in a chain-length depen-
dent fashion, and their acidity, which is inimical to the growth of gram-positive
pathogens. In contrast, that same low pH favors the colonization of human skin
by its normal cutaneous flora. The addition of antimicrobial activity adds yet
another (fourth) positive attribute of SG products.

4. Vitamin E delivery

In response to the many free radicles and pollutants in the environment, the
epidermis (but not SG) generates a suite of antioxidant species, including glu-
tathione reductase, thioredoxin reductase, superoxide dismutase, and cata-
lase. Notably, this list does not include vitamin E (VitE), which instead is deliv-
ered to the skin surface via SG secretions. Once absorbed into the epidermis,
VitE is metabolized by cytochrome p450 isoforms into a suite of additional
tocopherols and tocotrienols, which in turn activate PPARYy [20]. The latter ex-
hibits potent anti-inflammatory activity, accounting for the benefits of PPARy
analogues in the treatment of diverse inherited and acquired inflammatory
disorders [21, 22]. Yet, whether VitE secretion is impacted by factors that reg-
ulate SG structure and secretion, such as androgens and their estrogen me-
tabolites, or retinoids, remains unknown. Nonetheless, the delivery of VitE and
other downstream, bioactive lipids to the skin surface illustrates yet another
(fifth) important function of SG.

5. Immunobiology of SG

In a recent review article, Christos Zouboulis and his associates reviewed the
negative impact of sebaceous lipids on perifollicular and dermal innate im-
mune responses. The pathophysiological consequences, of course, include the
provocation of acne, but extend to other inflammatory dermatoses, including
seborrheic dermatitis and atopic dermatitis [1]. Hence, because of these ap-
parently negative consequences of SG activity, we have chosen not to include
these activities among the positive attributes of SG.

6. Conjectural and disputed benefits

From this point onward, cataloguing further benefits of SG secretions becomes
more nebulous. Most controversial is the subject of pheromones in human bi-
ology. Pheromones are volatile, species-specific substances that have been
implicated, though not yet proven to impact reproductive instincts in humans.
Indeed, some authors doubt whether they play any role in human reproduction.
Much more certain is a role for pheromones in earthworm reproduction [23].
Consider however that SG secretions, along with apocrine gland secretions,
generate multiple volatile compounds that are odorants, including some that
could function as pheromones [24]. Charles Darwin has been credited with the
initial observation that when animals secrete odiferous secretions, they strong-
ly signal reproductive responses [25]. Though our nasal passages display mul-
tiple odorant receptors, whether these structures also recognize and respond
to pheromones remains unknown.
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Regulation of SG structure and function

Androgens and estrogens exert opposing influences on SG secretions. While
androgens via the androgen receptor promote sebocyte growth and differentia-
tion [26], estrogens and their plant-derived analogues oppose this activity, while
also providing a host of other benefits for aging, glucose metabolism, and free
radical defense [27-30].

B-lymphocyte-induced nuclear maturation protein 1 (BLIMP1) is an import-
ant marker of SG progenitor cells, where it suppresses sebocyte growth, as
demonstrated by the dramatic expansion of SG following BLIMP1 deletion
[31]. BLIMP-1 serves as a marker of differentiated compartments in both epi-
dermis and SG. Thus, BLIMP1 appears to maintain steady-state homeostasis
in SG and the epidermis, with a potentially positive impact on epidermal per-
meability homeostasis [32].

Summary/conclusion

Though historically regarded as solely problematic, there is evidence for a host
of positive attributes for SG, including key roles in preventing scarring alope-
cia, supporting both stratum corneum hydration and cutaneous antimicrobial
defense, as well as the secretion of a key antioxidant species, vitamin E. Also
cited here is historical evidence that SG secrete odorants that serve as sexual
attractants, as well as potentially pheromones.
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