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A spontaneous, autosomal, recessive mouse mutation
exhibiting mild scaly skin, progressive scarring alo-
pecia, slightly runted growth, and photophobia arose
at The Jackson Laboratory in 1993 in the inbred
mouse strain DBA/1Lac]J. Because this mutant mouse
showed genetic, anatomical, and laboratory similari-
ties to the asebia mutation, crosses were done be-
tween the new mutant and mice carrying the asebia-J
allele. Because the F1 offspring were affected, indicat-
ing the two mutants were allelic, the new mutation
was named asebia-2J. Careful histological analysis of
skin development of mice homozygous and heterozy-
gous for either asebia-J or asebia-2J revealed that both
types of mutant mice are very similar regardless of
their background. Notable histopathological features
of mice homozygous for either allele included ex-
treme sebaceous gland hypoplasia, abnormally long
anagen follicles, retained inner root sheath, hair fi-
ber perforation of the anagen follicle base, and pro-
gressive follicular replacement by scarring. In this
article we present a new pathogenetic hypothesis
based on the importance of the sebaceous gland in
hair fiber sheath dissociation: in the absence of a
functional sebaceous gland the hair follicle is de-
stroyed. The cutaneous pathology of this mutant
mouse underscores the importance of the sebaceous
gland to follicular biology and presents an animal
model for studying the human scarring alopecias,
which characteristically begin with sebaceous gland
ablation. (4Am J Pathol 2000, 156:2067-2075)

The original asebia mouse mutation, an autosomal reces-
sive trait characterized by hypoplastic sebaceous
glands, arose spontaneously more than 30 years ago in a
colony of BALB/cCrglGa mice.! Although in the original
study it was thought that these mice lacked sebaceous
glands, hence the name asebia (gene symbol ab), later
studies showed that sebaceous glands and modified
sebaceous glands (meibomian, preputial, clitoral, and
ceruminous glands) are present but hypoplastic.® * In

1968, a similar mutation arose spontaneously in the
BALB/cJ inbred strain at The Jackson Laboratory; this
mutant was found to be allelic to ab (Dr. S. J. Mann) and
was named asebia-J (ab”). Mice carrying the ab” muta-
tion were out-crossed to C3H/Di and back-crossed to F8°
from which time the mutant was maintained by brother-
sister matings (P. Lane, personal communication) on the
inbred strain ABJ/Le.® The ab”’ remutation was mapped to
mouse chromosome 19.%

Compared to heterozygous or normal littermates, ab”’
mutants are small and have a hunched back. Adult ho-
mozygous asebia mice develop generalized alopecia
and scaly skin. Although the hair shafts form normally,>”
they are sparse and short.® Histological studies have
shown that the epidermis is thickened from birth with
enlarged intercellular spaces. Hair follicles are exces-
sively long extending at a sharp angle into the deep
subcutis. All growth phases of the cycle, anagen, cata-
gen, and telogen, last longer than those of the controls.?®
Abnormalities in the inner root sheath (IRS) include the
absence of typical transverse corrugations at the level of
the sebaceous glands, and an abnormal persistence of
the IRS in the upper pilary canal. The IRS remains unde-
graded, plugging the hair canal and adhering to the
emerging hair shafts. It is not unusual to find hair shafts
free of sheath lying in the deep dermis of the mutants.®
The cutaneous changes can be seen histologically late in
skin development. By the 20th day after conception the
mutants show abnormal sebaceous cell cytodifferentia-
tion. Ultrastructural studies of the glands show that there
are fewer lipid droplets, the smooth endoplasmic reticu-
lum is distorted and dilated, and normal mitochondria
development is impaired.* These abnormalities were in-
terpreted to be because of an abnormal synthetic or
degenerative process necessary for completion of nor-
mal sebum production. The mutant mice have a thick-
ened dermis characterized by increased vascularity, in-
creased cellularity, and prominent fibroblasts. The
dermal cellular infiltrate is rich in mast cells and macro-
phages.® '° The latter cell population contains lipid crys-
tals; such crystals have been thought to form the basis for
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the dermal inflammation and epidermal hyperplasia.'®
Subcutaneous fat is scant.

Studies of dermal-epidermal recombination grafts
(done with 14-day gestational fetuses) suggested that the
functional defect was in the epidermis, not the dermis®
and that normal skin could alleviate the phenotype by
means of “some diffusible substance.”’ Laboratory stud-
ies showed that whole skin, skin surface, and epidermal
lipids are abnormal in the mutant; they showed deficiency
in sterols esterified with long-chain fatty acids, in wax
esters, and in wax diesters."" These findings suggested
a global defect in fatty acid metabolism more than just
involving sebum synthesis. Recently we have found that
the gene defective in the asebia mouse is stearoyl CoA
desaturase-1 (Scd7); the enzyme product of this gene is
rate-controlling in the formation of mono-unsaturated fatty
acids from saturated fatty acids.'?

In this article we describe a new spontaneous mutation
in the DBA/1LacJ mouse that shows clinical, histological,
and laboratory features of asebia mutant mice. As
crosses with the new homozygous mutant and ab”/ab’
mice yielded affected offspring in three matings, we have
concluded that the new mutation, which we call ase-
bia-2J (ab®’), is allelic with ab’. Because the mutated
gene is now known, the complete gene symbol is
Scd1#2/ Careful histopathological study of these mice
demonstrates that the asebia mutant illustrates the impor-
tance of the sebaceous gland in shaft-sheath interactions
and serves as a model for the pathogenesis of some
forms of scarring alopecia.

Materials and Methods

Longitudinal Pathological Characterization

Groups of two male and female mice homozygous for the
ab®’ mutation (Scd12°?//Scd132Y), hereafter abbreviated
ab®’/ab®’ were sacrificed at 3-day intervals from 0 to 26
days and at 8 weeks and 8 months of age. Additional
female mutant and control mice were collected daily from
20 to 40 days of age. Sex- and aged-matched DBA/
1LacJ wild-type (+/+) or heterozygous (+/ab®’) mice,
hereafter +/?, were used as controls. The morphological
study used a total of 204 mice (controls: 33 males, 48
females; mutants: 27 males, 56 females; undetermined
phenotype 15 days of age and under: 21 males, 19
females). The ab” mice were obtained from The Jackson
Laboratory (Bar Harbor, ME) on the ABJ/Le inbred back-
ground. ABJ/Le ab’/ab’ mice were compared to ab®’
mutant and control mice collected at selected ages. A
total of 65 mice were studied (+/ab”: 20 females, 21
males; ab’/ab’: 10 females, 14 males).

Tissue collection, husbandry conditions, and disease
monitoring were done routinely, as described in detail
previously.'® After fixation and routine processing, sec-
tions were stained with hematoxylin and eosin (H&E),
Masson’s trichrome, or SACPIC' for histopathological
examination. Complete sets of organs were collected
from mice at birth, 3 weeks, 8 weeks, and 8 months of
ageﬁ5

Allelism Breedings

Standard methods were used to establish a stable breed-
ing colony and determine whether the new mutation was
dominant or recessive.'® Matings were set up between
this new mutant mouse line and a number of other known
mutant mice with a scaly skin phenotype including flaky
skin, fsn;'” harlequin ichthyosis, ichg;'® matted/flaky tail,
ma/ft;'® chronic proliferative dermatitis, codm;'® lanceo-
late hair-J, lah”;?° and ab”."® Homozygous new mutations
were crossed with either known heterozygous or homozy-
gous mutant mice depending on fecundity. If the muta-
tions were allelic, then homozygous crosses would yield
all F1 offspring with a mutant phenotype. If homozygous
new mutant mice were crossed with heterozygous known
mutants, then only 50% of the F1 offspring would be
affected if the two mutations were allelic.

Transepidermal Water Loss (TEWL)

To investigate differences in skin barrier function be-
tween normal and mutant mice, TEWL was determined.
All mice used were 6 weeks of age. One group of six (five
males and one female) DBA/1LacJ +/7, one group of five
(four males, one female) DBA/1LacJ ab®//ab®’, and one
group of six (four males, two female) ABJ/Le ab’ mice
were sedated with 100 mg/kg ketamine HCI, intraperito-
neally (Fort Dodge Laboratories, Fort Dodge, IA) plus 0.5
mg/kg xylazine (Rompun; Miles Laboratories, Shawnee
Mission, KS). Dorsal hair was removed with electric clip-
pers and then depilated for 5 minutes with Neet (Reckitt
and Coleman, Wayne, NJ). TEWL was measured 24
hours later by placing a Servo Med Evaporimeter EPI
probe (Servomed AB, Stockholm, Sweden) on the depi-
lated area.?”

Water consumption was measured in two groups con-
sisting of four DBA/1LacJ +/? and four DBA/1LacJ ab®’//
ab®’ male mice, 8 weeks of age. A bottle was filled with
450 ml of water and the volume measured daily to deter-
mine the 24-hour consumption rate for the four mice in the
box. This was done on 4 consecutive days.

Urinary output was determined for each of 10 mice, 8
weeks of age. Five DBA/1LacJ ab®//ab®’ (three females
and two males) and five DBA/1LacJ +/? (five males) mice
were used. Each mouse was placed in a separate box
with an underpad (Safety Assay Mats, Plain; Isolab, Inc.,
Akron, OH). Water was provided in small bottles and
monitored throughout the study period for leaks. The
underpads were weighed at zero time and again 1 hour
after returning the mice to the box with the weighed under
pad.

Morphometric Studies of Skin

Using an image analyzer (Quantimet 600HR Image Anal-
ysis System; Leica, Inc., Deerfield, IL), the mean hair
follicle length as well as dermal, epidermal, hypodermal,
and skin thickness measurements of dorsal skin were
determined. Skin was measured from dorsal truncal re-
gions of all mice used in the longitudinal study. Data were



pooled per group between 6 and 9 days of age and
analyzed using a Student's t-test.?® Data were analyzed
using a spreadsheet (Excel; Microsoft Corp., Redmond,
WA). In addition, hair cycle stage was recorded as slides
were reviewed and the stage plotted by age to determine
the cycle length as previously described.??

Scanning Electron Microscopy of Hair Fibers

Dorsal truncal hair of a mutant and a control mouse, both
21-day-old females, were prepared for scanning electron
microscopy and screened for abnormalities. Represen-
tative hairs from the four major hair types (zigzag, guard,
auchene, and awl), plucked at the time of necropsy were
mounted onto aluminum stubs with double-stick tape
(3M, St. Paul, MN). Samples were sputter-coated with 15
nm of gold and examined under a JOEL 35C scanning
electron microscope operated at 10 kV as previously
described. ™

Lipid Analyses

Surface lipids were collected by dipping each sacrificed
mouse totally in 40 ml of acetone 10 times and drying the
acetone down under argon gas. The plates were ana-
lyzed by thin layer chromatography by an established
procedure.?® Briefly, the dried residue was dissolved in
toluene and plated in separate lanes on silica gel G
chromatographic plates (Merck, Rahway, NJ). The plates
were developed to 19 cm in hexane-ether-acetic acid
(80:20:1). After drying, the plate was sprayed with 50%
sulfuric acid.

Results

Breeding History

A trio consisting of one affected male and two clinically
normal females were obtained from The Jackson Labo-
ratory DBA/1Lacd colony in October of 1993. These mice
were used to establish the colony used in these studies.
Thirteen crosses between known heterozygous mice car-
rying this new mutation resulted in 136 females (46 mu-
tant, 33%; 90 normal mice) and 107 males (27 mutant,
25%; 80 normal mice) indicating that this was an autoso-
mal recessive mutation.

Clinical Features

The original mice were described by the animal care
technicians as having “scaly skin.” Hair was sparse and
matted over the entire body and was difficult to remove
by plucking or shaving at the time of necropsy. The skin
had a dry appearance with moderate white flaking evi-
dent when the hair was removed. Eyes seemed smaller
than normal and eyelids were bound shut (Figure 1, A
and C). It was also observed that affected mice had a
slightly abnormal posture in which their back was arched
or hunched. The ab’ mice had similar gross features
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Figure 1. Both DBA/1LacJ-ab?/ab? (A, C) and ABJ/Le-a¥//a¥/ (B, D) mu-
tant mice (right in each panel) develop a progressive alopecia with age,
have a fine scale on their skin, and seem to be photophobic with squinting
of the eyes compared with age and sex-matched littermate controls (left).

(Figure 1, B and D). No other gross lesions were ob-
served.

Allelism Breedings

Matings were set up between this new mutation and a
number of other known mutant mice with clinical features
of flaking skin as described in Materials and Methods.
Only in the asebia homozygous crosses were the alleles
noncomplementary. Histological studies done on repre-
sentative mutant mice verified the phenotype (data not
shown). These results confirm that the new mutation is
allelic with ab”; it was therefore called ab®”.

Scanning Electron Microscopy

Examination of plucked hairs or hairs examined in situ on
1 cm? of skin did not reveal any abnormalities in 3-week-
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Figure 2. Adult DBA/1LacJ-ab¥/ab¥ skin has a thickened epidermis, mod-
erate to focally severe orthokeratotic hyperkeratosis, and long hair follicles
(A; scale bar, 100 wm). Higher magnification of boxed area illustrates the
hypoplastic sebaceous gland (B; scale bar, 100 wm). H&E.

old mice. Although the data are not shown, these results
are similar to those we obtained previously when study-
ing ABJ/Le-ab’/ab’ mice.”

TEWL

These studies were performed controlling for age and
sex. TEWL was 60.7 = 8.0 g/m?/hour for ab®//ab® com-
pared to 13.2 + 7.8 for littermate controls. This was an
increase of 4.5-fold. Water consumption was also ele-
vated by 40% in the ab®’/ab®’ group (31.3 ml/4 males/24
hours X 4 days) compared with controls (22.5 ml). How-
ever, when calculated by milliliters consumption per
gram body weight, water consumption was 0.39 ml/g for
ab®Jab®’ compared to 0.24 ml/g for +/? mice, an in-
crease of 62%. Urinary output was 321 = 161 (SE, n = 4)
mg/mouse/hour in ab®/ab® mice compared to 314 =+
157 (SE, n = 4) in +/? mice, an increase of only 2%.
Marked increase in TEWL indicates that the epidermis of
the ab®//ab®’ mice does not provide a normal barrier;
these mice obviously compensated for the loss by drink-
ing more water. In contrast, in a parallel study, the alellic
mutant, ab’/ab’ had a normal TEWL (15.5 = 1.9 g/m?
hour).

Microscopic Description and Comparison
between ab” and ab®’

At the time of birth until approximately 6 days of age the
ab®’ mutant mice were very difficult to distinguish clini-
cally from littermate controls. At 6 days of life, when hair
fibers emerge from the follicles, histological examination
of skin revealed the presence of very small sebaceous
glands in homozygotes compared to controls. Careful
and lengthy examination was required to find occasional
sebaceous glands. These structures were actually rudi-
mentary outpouchings of the hair follicle into the dermis.
There was some early sebaceous differentiation, but un-
like normal sebocytes the cells were small and their cy-
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Figure 3. Eyelid of DBA/1LacJ-+/ab? control mouse has a prominent and
well-differentiated Meibomian gland (A) while the ab¥/ab” eyelid contains
a rudimentary duct and glandular structure (B) or cystic rudiment (C). H&E;
scale bar, 100 um.

toplasm was brightly eosinophilic (Figure 2). Abnormali-
ties were not limited to sebaceous glands of the truncal
skin. Most sebaceous and modified sebaceous glands of
the body were affected to various degrees including the
meibomian glands (Figure 3), perianal glands, and ceru-
minous glands. Male preputial glands and female clitoral
glands were not affected. Eccrine glands of the footpads
and other types of glands (mammary glands, salivary
glands, lingual glands, Harderian glands, and lacrimal
glands) were normal.

The epidermis of young ab®//ab® mutant mice, less
than 40 days of age, was mildly acanthotic and showed
various degrees of orthokeratotic hyperkeratosis and fo-
cal areas of parakeratosis (Figures 2 and 4). The dermis
was significantly thickened. In the first anagen stage, the
skin manifested unusually long hair follicles that extended
at a sharp angle into the deep subcutis. As previously
described,™* it seemed that the ab®//ab®’ follicles re-
mained in anagen longer than the follicles of their litter-
mate controls (data not shown) but bulbar histology was
considerably distorted in the mutant. Eventually, normal
telogen follicles developed after a prominent catagen
phase (Figures 5 and 6). Although the hair fibers seemed
to be normal up to the midfollicle, there was retention of
the IRS beyond the midfollicle into the outer piliary canal.

Figure 4. Normal hair fibers exit the follicular os of control mice with
retention of few, if any, cornified cells (A). Notice the transverse corrugations
(arrow). In contrast, hair fiber exit from follicles is delayed by retention of
a cornified cell plug (arrow) in the follicular os of DBA/1LacJ-ab™/ab? mice
(B). Masson’s trichrome; scale bar, 50 pwm.



Figure 5. Telogen (T) stage hair follicles of DBA/1LacJ-ab?/ab? mice ex-
tend deep into the hypodermal fat layer near the panniculus muscle and are
of equal length to anagen (A) follicles (A, B). H&E; scale bar, 50 wm.

The hair shafts showed occasional adherent keratinous
debris. Some follicles showed hair shaft penetration of
the follicle base (Figure 7). The abnormally long hair
follicles seemed to be because of the retention of a
cornified cell plug (consistent with an IRS fragment) in the
pilary canal that blocked, or slowed, the exit of the nor-
mally formed hair fiber (Figure 4). It was notable that in
many late anagen and early catagen follicles the shafts
eventually ruptured through the base (bulb) of the hair
follicle and induced a foreign body granuloma in the
dermal stroma (Figure 7). Healing of this inflamed area
resulted in dermal scarring and eventual scarring of the
hair follicle itself (Figure 8). Although the few residual
follicles continued to cycle with each cycle there is pro-
gressive individual follicle destruction (Figure 9). Why
some follicles were destroyed and others continued to
cycle was not immediately obvious.

The subcultis in the ab®//ab® mutant mice was thinned,
even in anagen, and showed a paucity of adipose tissue
compared to littermate control mice. The histological
changes in the whole skin and the hair follicle throughout
the cycle were similar in the ab”/ab” mutant mice.

It is of importance that there were occasional dystro-
phic hair follicles in the wild-type DBA/1LacJ mice. Scat-
tered follicles, in both anagen and telogen, contained
structurally abnormal, weak hair fibers that disintegrated
leaving debris and accumulations of pigment within the
hair follicle (Figure 6). Similar dystrophic follicles were
found in controls for another spontaneous mutation that
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Figure 6. Normal telogen follicles with scattered follicular dystrophy with

pigment accumulation in DBA/1LacJ +/? mice is a strain background phenotype
unrelated to the asebia mutation. H&E; scale bar, 100 wm (A) and 50 wm (B).
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; A
Figure 7. Retention of hair fibers within follicles of DBA/1Lac]-ab”/ab™
mice results in elongation of follicles and eventual rupture of the club hair

through the base of the telogen follicle (A: Masson’s trichrome; scale bar, 10
pm). The sequella is a foreign body granuloma (B: H&E; scale bar, 50 wm).

Figure 8. Follicular scarring, in which fibrous connective tissue strands run
perpendicular to the epidermis from remnants of dystrophic hair follicles,
was found in ABJ/Le-ab//ab/ mice >1 year of age (H&E; scale bar, 50 um).
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Figure 9. Progression of hair cycles results in retention of fibers within
follicles because of occlusion of the follicular os, deep extention of catagen,
and telogen stage follicles to the depth of anagen follicles, and eventual
rupture with formation of a foreign body granuloma. Healing causes follic-
ular scarring with subsequent loss of follicles resulting in alopecia.

occurred in this strain but did not develop any features of
asebia.*®

Morphometric Analyses

To compare the two extant asebia alleles quantitatively,
morphometric studies were executed. Data were similar
for both ab”’/ab’ and ab®//ab®’ mutant mice. Full thickness
skin was thicker (epidermal surface to panniculus carno-
sus) in mutant mice compared to controls except during
the onset of the second hair cycle, where control skin
became thicker, corresponding to initiation of anagen
(Figure 10, A and B).242® The prolonged length of the hair
follicles (Figure 10F) coincided with the histological ob-
servation of prolonged anagen despite a reduced hypo-
dermal fat layer (Figure 10B). The dermis of control mice
usually remained relatively similar in thickness throughout
life (Figure 10C). The epidermis of normal mice was thick
at birth and gradually thinned within the first 2 to 3 weeks
of life. This was evident for both the thicknesses of the
Malphigian layer and stratum corneum (Figure 10, D and
E). In contrast, these layers were markedly thicker in
ab®’/ab® but only slightly thicker in ab”/ab’ mice (data
not shown).

Lipid Analysis

Skin surface lipid analysis of ab®’/ab® mutant mouse skin
revealed a marked reduction in sterol esters and choles-
terol with apparently total loss of diol diesters compared
with littermate controls (Figure 11). These results are
similar to those reported for the original asebia (ab) mu-
tant mice."" Similar analyses were not performed on the
asebia-J mice.

Discussion

In this paper we report the finding of a new asebia allele,
referred to here as ab®. It is notable that except for the
extent of epidermal thickness, scaling, and epidermal
permeability properties, the newly found ab®’ homozy-
gous mice are similar to homozygous mice for the ab’
allele. Both alleles cause progressive scarring alopecia
and scaly skin, but normal hair fiber structure. Histologi-
cally, their skins have a dermis with progressive scarring,
chronic inflammatory infiltrates, thinned subcutis, and hy-
poplastic sebaceous glands. The meibomian and most of
the other modified sebaceous glands are also small.
Recently, using a positional cloning approach, we
have mapped®® and identified the gene mutated in ase-
bia (ab’ and ab®’) as stearoyl CoA desaturase-1
(Scd1).'® The ab® allele shows a splice junction deletion
of exon 2 in Scd7, leading to an in-frame stop codon. A
much larger deletion is present in Scd? gene in the ab’
allele that extends over most of the open reading frame.'?
One important difference we found between the two
alleles is the thickness of the epidermis and the epider-
mal permeability barrier as measured by TEWL. Regard-
ing the structure of the epidermis, a TEWL measurement
depends directly on the stratum corneum barrier integrity
and inversely on the thickness of the stratum corneum.?’
An important caveat in interpreting TEWL results is that
TEWL increases under conditions of skin irritation;?®
moreover, TEWL is elevated in dermatitic skin.?® Al-
though we do not yet understand the basis for the epi-
dermal difference between the alleles, we observed that
the epidermal changes of the ab”’/ab’ mutant mice is less
severely involved than that of the epidermis of the ab®//
ab®’ mutant mice which are clearly irritated as manifested
by the chronic inflammatory infiltrate and the overlying
scale. The degree of dermal inflammation in ab”/ab” mu-
tant mice is also reduced compared with ab®//ab®’ mice.
Because the same gene is mutated in both mutant mice,
we would assume that the Scd7 gene is not central to the
epidermal barrier and that the difference in TEWL is
because of the extent of the inflammatory reaction in the
skin of one allele compared to the other, possibly be-
cause of strain background modifying gene effects.
Multiple mechanistic theories have been put forth ex-
plaining the asebia phenotype and its genetic basis.
Clearly, a satisfactory hypothesis must explain the lipid
abnormality, sebaceous gland hypoplasia, adipose tis-
sue atrophy of the subcutis, and epidermal and dermal
inflammatory reactions. In all discussions, the primary
and secondary events have been difficult to decipher.
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Figure 10. The full thickness of the skin (A) and hypodermal fat layer (B) varied with the hair cycle. The dermis (C), Malphighian layer of the epidermis (D),
and stratum corneum (scale, E) remained consistently thicker in mutant mice compared with controls after the second hair cycle. Hair follicle length (F) was
dramatically different during the second and subsequent hair cycles. This was because of marked diminution in size of normal mouse follicles in telogen while
ab? telogen follicles remained as long or longer than normal anagen stage follicles. Hair cycle stage is indicated as anagen (A), 224 catagen (C), and 224
telogen (T).
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Figure 11. ab? mice have marked decreases or absence of specific groups
of lipids in the skin.
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The study by Wilkinson and Karasek'' suggested that the
primary cutaneous defect was in sebaceous lipid synthe-
sis, although epidermal lipid was assumed to be abnor-
mal as well. That lipid crystals were found within the
macrophages in the dermal infiltrate suggested to other
workers that macrophage lysis could be the basis for the
skin lesions.’® Data have been presented suggesting
that the sebaceous and epidermal changes are because
of abnormalities in the dermis and in endocrine glands®
although the same workers suggest that the defect in
asebia was in the epidermis.? The epidermal thickening
is thought to be because of “dermal inflammation, mac-
rophage lysis, crystals in lysosomes and ultimately to a
genetic defect in the metabolism of a branched-chain
fatty acid.”'© It is of interest that by reducing the inflam-
mation and mast cell infiltrate with cyclosporin A, some of
the wild-type histological features can be restored.®°
With the identification of the gene, we now recognize
that the primary molecular defect in these mice involves
the lack of Scd7 gene function. At what level the synthesis
is important, ie, in terms of membrane structure, signal
transduction, sebum synthesis, or sebaceous gland mor-
phogenesis is not clear at this stage. Our detailed histo-
logical study has given us some mechanistic insight and
a new hypothesis. Central to our new hypothesis is the

observation that IRS accumulates in the pilary canal and
that the shaft does not cleanly shed the sheath in its
passage outward. This observation is similar to that of
Josefowicz and Hardy® who pointed out that the IRS fails
to degrade and adheres to the emerging hair fiber. In
addition, we know from in vitro studies that the separation
of the shaft from the sheath is dependent on an intact
midfollicle/sebaceous gland.®'2* The sebaceous gland
is implicated in the degradation of the IRS from the
emerging shaft. The adherent sheath seems to restrain
the shaft from growing out of the follicle so that the whole
follicle is forced to take the reverse direction—toward the
subcutis. This action would result in long, deep-lying
follicles and short, scale-adherent shafts. Both of these
morphological features are observed in our studies and
by others.® Eventually the shaft penetrates the follicle
bulb and destroys the bulb associated with cell necrosis,
fragments of shaft in the dermis, and foreign body/
chronic inflammatory reaction to the follicular contents
(Figure 7). Our hypothesis for the pathogenesis of the
asebia phenotype is summarized in Figure 9. The lack of
Scd1 function leads to inadequate sebaceous gland de-
velopment/function and sebaceous gland function is
needed for normal shaft-sheath interactions. This hypoth-
esis begs the question—how does the sebaceous gland
normally support shaft-sheath separation. Perhaps a pro-
teolytic enzyme that depends on a unique lipid environ-
ment plays a role. Straile®? observed that the sheath fell
from the fiber at the level of the sebaceous duct and
postulated not only that removal of the IRS at the follicular
neck was required for the orderly emergence of the hair
fiber but also that lytic agents released from the seba-
ceous gland were responsible for the event. Gemmell
and Chapman®2 suggested that the source of these lytic
agents might be the outer root sheath at the level of the
isthmus. Unfortunately, even though we now know the
molecular defect in these mutant mice and that the gene
is expressed only in the sebaceous glands in mice,'?
how the Scd7 gene product functions is still unknown.

In conclusion, we have described in this paper a new
allele at the Scd1 locus, formerly known as the asebia
locus. We put forth a new view of the pathogenesis of the
alopecia found in this genetic model that is based on the
role of the sebaceous gland in degrading the internal root
sheath. Unable to easily slip out of the sheath the shaft
destroys the follicle and in so doing induces an inflam-
matory reaction, epidermal hyperplasia, and scarring.
How the absence of a gene important to lipid processes
induces these dramatic changes is a question needing
elucidation and underlies the basic biology of the seba-
ceous gland.
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