
Hair Follicle Biology, the Sebaceous Gland,
and Scarring Alopecias

O F ALL structures in
or on the mamma-
lian body, the hair
follicle has one of
the most complex

functions. It must produce, on the
skin surface during a long period, a
multicellular product, the hair shaft,
and yet preserve in the deep dermis
an “epithelial finger” that produces
the shaft. The cells making up the
shaft contain the machinery to pro-
duce strong cytoskeletal and cellu-
lar adhesions and to be molded by
the inner root sheath. The com-
bined hair shaft–inner root sheath
structure moves outward as a unit,
sliding along a slippage plane pro-
vided by the innermost layer of the
outer root sheath. The outer root
sheath remains behind and intact.
The shaft is liberated from the sheath
at a level just below the sebaceous
duct, and it exits the pilary canal as
a sheath-free hair fiber.

Early researchers recognized
that removal of the sheath from the
shaft was a crucial event in hair pro-
cessing, without which the shaft
could not easily exit the skin. Be-
cause sheath dissolution occurs just
below the sebaceous duct, it was pos-
tulated that the sebaceous gland, or
the region of the follicle at this level,
might be responsible for its separa-
tion.1-3 Experimental evidence for
this conclusion was found seren-
dipitously during a study of sheep
hair follicle growth in culture,4 in
which it was demonstrated that the
sebaceous gland (or the midfollicu-
lar region) was necessary for the dis-
solution of the sheath from the shaft.
Subsequently, this phenomenon was
corroborated in human4,5 and horse
follicles.6 These findings impli-
cated an important role for seba-
ceous glands in skin besides synthe-
sizing and liberating its emollient.

What the active agent might be in se-
bum that causes sheath dissociation
is not known but is under current
investigation.

We tested the idea that the se-
baceous gland is central to hair bi-
ology by asking the question, What
happens to hair follicles in an ani-
mal that has defective sebaceous
glands? This question led us to the
asebia mouse mutant,7 a mouse that
forms hair follicles with markedly
hypoplastic sebaceous glands. Af-
ter the first hair cycle, this mouse has
progressive hair follicle loss and
striking scarring alopecia. In a de-
tailed histological study,8 we found
that cornified plugs in the hair canal
apparently impede hair shaft egress.
The histological findings suggested
that the shaft, prevented from exit-
ing the pilary canal, pushes the fol-
licle in reverse toward the dermis,
giving rise to the abnormally long
and deep anagen structures seen. In
support of the idea of distal pilary
canal resistance, we could demon-
strate that the shaft often perforated
the bulb (the proximal follicle) in as-
sociation with follicle-destructive
chronic inflammatory and foreign
body reactions. In the absence of
normal sebaceous gland function,
then, not only is sheath inad-
equately separated from shaft, as we
found experimentally, but there is
also follicle destruction and dermal
scarring.

Although chronic, progressive
alopecia develops in all 3 spontane-
ous asebia mutations (ab, abJ, and
ab2J), scarring alopecia in associa-
tion with sebaceous gland pathol-
ogy is not unique to the asebia mouse
mutant. Images published of the
bareskin mouse mutant (mapping to
mousechromosome11) indicate that
the inner root sheath is retained
muchhigher into thepilarycanal (in-

fundibulum) than normal; more-
over, in this mouse mutant, seba-
ceous glands are morphologically
abnormal.9 Harlequin ichthyosis
mice also show alopecia associated
with thick epidermal scales.10 These
mice have hypoplastic sebaceous
glands and manifest large and com-
pact cornified plugs within their
pilary canal (infundibulum). These
mice die at 10 to 12 days of age, prior
to the anticipated onset of a true scar-
ring alopecia.

Observations with these mouse
mutants led us to reconsider the role
of the sebaceous gland in human
scarring alopecias. Most of the in-
flammatory, scarring alopecias in hu-
mans show an intense inflamma-
tory cell reaction about the follicle
at the level of the isthmus and up-
per infundibulum. Since tissue de-
struction in this region might in-
clude the “bulge” zone, the putative
site of follicular stem cells has been
implicated as the mechanism for fol-
licular destruction seen in these dis-
orders.11 In fact, in most if not all
forms of the “classic” inflamma-
tory, scarring alopecias (alopecia
mucinosa, lupus erythematosus, li-
chen planopilaris, pseudopelade of
Brocq, follicular degeneration syn-
drome, and scleroderma), the seba-
ceous glands appear to be a com-
mon victim during the early course
of the disease. Similar observations
have been made with sebaceous ad-
enitis with hyperkeratosis in dogs
and cats.12-14 It is generally believed
that the sebaceous gland is de-
stroyed before the follicle—the se-
baceous gland is lost first. The
mechanism for sebaceous gland loss
may be multifold. One such mecha-
nism is that sensitized lympho-
cytes might attack the proliferating
basal cells of the sebaceous gland as
observed in graft-vs-host disease.15
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As a representative example of a scar-
ring alopecia, the earliest changes in
the follicular degeneration syn-
drome consist of sebaceous gland
loss in the presence of a relatively in-
tact hair-forming epithelium.16 The
hair-forming epithelium is eventu-
ally destroyed late in the disease
course, but this appears as a sequel
to the sebaceous gland loss.

Our studies and those of the lit-
erature do not explain why the se-
baceous gland is lost in the early
phases of the human scarring alo-
pecias or even if there is a cause-
and-effect relationship. In the case
of the mouse, however, the data are
compelling. The asebia mouse has
shown us that the mutation of a gene
unique to sebaceous gland func-
tion leads to a scarring alopecia.9,17

Inconclusion, thehypothesiswe
areproposing is thatmanyof thescar-
ring alopecias, which have proven to
be mechanistically obscure, are based
on primary sebaceous gland patho-
logical features. In vitro studies indi-
cate an important role of the seba-
ceous gland–isthmus in dissociating
the internal rootsheathfromtheshaft.
Several mouse mutants showing
pathologic features of the sebaceous
gland manifest keratinous follicular
plugging. If inadequate sebaceous
gland function could lead to hair fol-
licle destruction, perhaps we should

reassess our treatment protocols and
give more attention to the superficial-
lying sebaceous gland than to the
deeper-lying anagen follicle.
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