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ABSTRACT 

The structural basis of the permeability barrier in mammalian epidermis was 
examined by tracer and freeze-fracture techniques. Water-soluble tracers (horse- 
radish peroxidase, lanthanum, ferritin) were injected into neonatal mice or into 
isolated upper epidermal sheets obtained with staphylococcal exfoliatin. Tracers 
percolated through the intercellular spaces to the upper stratum granulosum, where 
further egress was impeded by extruded contents of lamellar bodies. The lamellar 
contents initially remain segregated in pockets, then fuse to form broad sheets 
which fill intercellular regions of the stratum corneum, obscuring the outer leaflet 
of the plasma membrane.  These striated intercellular regions are interrupted by 
periodic bulbous dilatations. When adequately preserved, the interstices of the 
stratum corneum are wider, by a factor of 5-10 times that previously appreciated. 
Freeze-fracture replicas of granular cell membranes revealed desmosomes, sparse 
plasma membrane particles, and accumulating intercellular lamellae, but no tight 
junctions. Fractured stratum corneum displayed large, smooth, multilaminated 
fracture faces. By freeze-substitution, proof was obtained that the fracture plane 
had diverted from the usual intramembranous route in the stratum granulosum to 
the intercellular space in the stratum corneum. We conclude that: (a) the primary 
barrier to water loss is formed in the stratum granulosum and is subserved by 
intercellular deposition of lamellar bodies, rather than occluding zonules; (b) a 
novel, intercellular freeze-fracture plane occurs within the stratum corneum; (c) 
intercellular regions of the stratum corneum comprise an expanded, structurally 
complex, presumably lipid-rich region which may play an important role in 
percutaneous transport. 

The ultimate stage of differentiation in mamma- 
lian keratinizing epithelia is the formation of a 
thin, protective sheath--the stratum corneum. 
Formerly considered to be merely a mass of 
sloughing cells, this outermost layer of the epider- 
mis is now recognized to constitute a highly 
impermeable barrier against water loss and the 
penetration of substances from the environment (4, 
20, 31, 35). Despite its general imperviousness, 
however, certain substances readily traverse the 
stratum corneum, hence the concept of selective 
permeability (4, 31). 

Although the stratum corneum possesses a com- 
plex array of membrane and extracellular struc- 
tures not present in subjacent layers (14, 23, 26), 
current dogma holds that both barrier function and 
selective transport are subserved by the intracellu- 
lar fibrillar-matrix complex of the anucleate corni- 
fled cell itself (20, 29, 31, 35). That membrane or 
intercellular components of cornified cells may be 
functionally important in permeability has been 
given slight credence. Nevertheless, recent studies 
have intimated that junctional (16, 34) or intercel- 
lular specializations (24, 32, 34) may participate in 
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the impedient barrier function of keratinizing 
epithelia. 

We performed tracer,  thin-section,  and freeze- 
fracture exper iments  on isolated, intact  epidermal  
sheets in order to: (a) identify m e m b r a n e  modifica-  
t ions which occur during kerat inizat ion;  and (b) 
delineate barr ier  sites within kerat inizing epithelia. 

MATERIALS AND METHODS 

Animals and Experimental Material 

Neonatal mouse skin was used in these experiments 
because of its homogeneity (it is hairless and ductless), 
and because after injection of certain phage group II 
staphylococci (25) it is highly susceptible to midepider- 
mal cleavage with cell-free fractions isolated from these 
bacteria. In order to obtain intact sheets, I-3-day old 
Swiss albino mice were given subcutaneous injections of 
partially purified exfoliative fractions (1). 2 h later, 
morphologically intact sheets were peeled from mice 
previously sacrificed by cervical dislocation, and either 
processed directly for electron microscopy or perfused 
with tracers (see below) in a MiUipore (Millipore Corp., 
Bedford, Mass.) chamber before processing for electron 
microscopy. 

Tracer Studies In Vivo and In Vitro 

Horseradish peroxidase (HRP) (50 mg/ml N saline) 
(Sigma Chemical Co., St. Louis, Mo., or Worthington 
Biochemical Corp., Freehold, N.J.), thorium dioxide, 3% 
lanthanum nitrate in 0.05 M Tris HCI buffer, or N saline 
alone were topically applied or intradermally injected 
into neonatal mice about 20-30 rain before biopsy. For in 
vitro studies, isolated epidermal sheets were spread 
(either stratum corneum or stratum granulosum layer 
up) over a Millipore filter and perfused for several 
minutes with HRP (5 25 mg/ml N saline) or horse 
spleen ferritin (Pentex Biochemical, Kankakee, Ill.). All 
in vivo or in vitro perfused specimens were processed as 
described below for electron microscopy. 

Electron Microscopy 

After fixation in cacodylate-buffered glutaraldehyde 
for 5 h at room temperature, specimens were postfixed 
for 1.5 h in I% Veronal-buffered OsO~ at 0-40C, washed 
in 1.5% uranyl acetate in Michaelis buffer (pH 6.0), 
dehydrated, and embedded in Epon. Some specimens 
were fixed with osmium vapor alone and then processed 
as above. After glutaraldehyde fixation, HRP-perfused 
specimens were sectioned with a tissue chopper, incu- 
bated with diaminobenzidine according to the method of 
Graham and Karnovsky (15), and postfixed in OsO~ 
containing potassium ferrocyanide (19). Thin sections 
were stained with uranyl acetate and lead citrate and 
examined in either a Zeiss EM9S or Siemens 1A electron 
microscope. 

Freeze-Fracture, Freeze-Etching, and 

Freeze-Substitution 

Full-thickness skin and sheets were fixed for 1-2 h in 
cacodylate-buffered glutaraldehyde, then cryoprotected 
with 20% glycerol in buffer for 2-16 h, mounted on 
cardboard disks, and fractured at - 115~ in a Balzer's 
freeze-etch apparatus (Balzer's High Vacuum Corp., 
Santa Fe, Calif.). Some specimens were fixed for I h in 
OsO4 rather than in glutaraldehyde and then processed as 
described above, Other specimens were treated with 5% 
or 10% glycerol, fractured, and subsequently etched at 
-100~ for 1-5 min before shadowing. Replicas were 
cleaned by sequential treatment with absolute methanol 
and triple-strength Chlorox. 

In order to localize the cleavage plane in the stratum 
corneum more precisely, we fractured several samples 
and then freeze-substituted them ( - 7 0 ' C )  in 2% OsO4 in 
absolute acetone (17). After 3 days, the specimens were 
slowly brought to room temperature over the course of 
several hours, then dehydrated, embedded, and sectioned 
perpendicular to the cleavage plane. 

Stereology 
The volumetric contribution of lamellar bodies to the 

stratum granulosum was assessed stereologically by 
utilizing a regular grid superimposed on randomly se, 
lected micrographs enlarged to constant (x 50,000) 
magnification. The formula Pp = V v permits extrapola- 
tion of point intersections to relative volume, provided 
that sections are considerably thinner than object(s) 
being studied, and that a large, random selection of 
sections is utilized (12). Tissue postfixed in potassium 
ferrocyanidr was used because after such treatment 
lamellar granules could be much more readily discerned 
than in routinely prepared material. 

R E S U L T S  

A n Overview of  Epidermal 

Morphological Differentiation 

The following paragraph  summarizes  the essen- 
tial cytological features of  kerat inizat ion.  For  
more extensive reviews of  the cellular events 
accompanying epidermal  differentiation, see refer- 
ences 5 and 7. 

Kerat inocyte  differentiat ion begins in the ger- 
minat ive or basal layer, where most  of the epider- 
mal  intracellular  f i lamentous protein is synthe- 
sized. As postmitot ic  daughter  cells migrate  api- 
cally through the s t ra tum spinosum, they become 
more cuboidal  in contour;  protein synthesis contin-  
ues, and fi laments aggregate into bundles of fibrils. 
In the s t ra tum granulosum,  preceding t rans forma-  
t ion into cornified cells, the cells flatten, begin to 
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synthesize keratohyalin, recycle most of their 
nucleic acids, and extrude myriad small lamellar 
granules (Odland bodies, membrane-coating gran- 
ules) into the intercellular space. The anucleate 
cells of the stratum corneum lack recognizable 
organelles and inclusions other than keratin fila- 
ments in an amorphous matrix. The cell mem- 
brane of the cornified cell thickens strikingly with 
the deposition of a dense zone beneath the plasma 
membrane, while the intercellular space appears to 
vary greatly in both width and content. 

Structural Features o f  Barrier Strata 

THE STRATUM GRANULOSUM; In neonatal 
mouse epidermis, the stratum granulosum is four 
to six cell layers thick. Here the cells contain 
multiple ellipsoid granules, measuring 0.2-0.3 ,m ,  
which contain parallel 40-]~ lamellae in an amor- 
phous matrix (Fig. 1 a, b). Stereological measure- 
ments indicate that lamellar bodies may occupy as 
much as 15% (range: 2%-15%) of the granular cell 
cytoplasm. Individual lamellar granules take form 
in Golgi regions of he upper stratum spinosum and 
lower stratum granulosum, subsequently aggregate 
in the peripheral cytoplasm, then eject their con- 
tents into the intercellular space, and progressively 
accumulate within focal interdesmosomal dilata- 
tions and deep invaginations of the cell membrane 
(Fig. I a, b). After expulsion into the intercellular 
space, lamellae initially remain segregated in pack- 
ets, then fuse to form broad sheets (Fig. 1 a, b). 

Freeze-fracture images confirm that intra- and 

intercellular lamellar granules have a similar lami- 
nated substructure. These replicas also provide 
additional visual evidence of the ubiquity and 
ellipsoid shape of these bodies (Fig. 2). Like 
mitochondria, lamellar bodies tend to fracture 
through the outer limiting membrane, and such 
replicas reveal no substructure. The degree of 
engorgement of the intercellular space by dis- 
charged lamellae can also be best appreciated in 
fractured specimens (Figs. 2 and 4). Within the 
intercellular space, adjacent lamellae tend to fuse 
into broad sheets (Figs. 1 b, 2, 4, and 5). 

In thin section, plasma membranes of the stra- 
tum granulosum retain their typical trilaminar 
structure, punctuated by desmosomes but without 
evidence of any tight or gap junctions (Fig. 1). 
Freeze-fractures of the stratum granulosum dis- 
close intramembranous fracture planes with 
sparse, randomly arranged particles, as well as 
aggregates of 8-10-rim particles or pits with the 
dimensions and distribution of desmosomes (Figs. 
3, 4). 

THE STRATUM CORNEUM" During transition 
to the stratum corneum, drastic alterations are 
evident in thin sections of cell membranes. An 
electron-dense, homogeneous band obscures the 
inner leaflet of the plasma membrane (Figs. 6, 7) 
except in the areas beneath desmosomes in the 
lowest layers of the stratum corneum, where 
cornified cells often form button-like protrusions. 
As desmosomes disappear at higher levels, this 
dense zone is transformed into an uninterrupted 
sheet approximately 16-20 nm thick. The outer 

Abbreviations used in figure legends: IL, Intercellular lamellae 
D, Desmosome IML, lntramembranous lacuna 
DZ, Dense zone KH, Keratohyalin granule 
CC, Cornified cell SC, Stratum corneum 
LB, Lamellar body SG, Stratum granulosum 

FIGURE 1 a, b Boundary of stratum granulosum and stratum corneum. Granular cells contain numerous 
intraceUular lamellar bodies (inset), keratohyalin granules, condensed bundles of tonofilaments, and 
desmosomes. At this interface, the intercellular space between desmosomes is dilated by extruded lamellar 
material derived from the exocytosis of lamellar bodies. Much of the lamellar material remains segregated 
in packets in the intercellular space, while elsewhere lamellar material has fused into broad sheets. Fig. I a, 
x 76,000. Fig. 1 b, • 119,500. 

FIGURE 2 Freeze-fracture replica of upper stratum granulosum and lower stratum corneum. The direction 
of shadowing is up in this figure and in all subsequent replicas. LameUar bodies migrate apically and 
laterally in the granular ceil, extruding their lamellar contents (arrows) into the intercellular space. Large, 
particle-free, multilaminated fracture faces predominate in the stratum corneum succeeding typical A and 
B membrane faces in the stratum granulosum (cf. Figs. 3, 4). Individual lamellar steps correspond 
approximately to the thickness of disks (4 nm) in the intracellular lamellar bodies (cf. Fig. I a, b). • 60,000. 
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leaflet, too, is inconspicuous but evident on close 
scrutiny in routine preparations where intercellular 
contents are preserved. Often the outer leaflet 
appears to fuse with amorphous intercellular mate- 
rial, forming a membrane which frequently be- 
comes detached (Fig. 7). An approximately 5-nm 
wide electron-lucent zone is consistently present 
between inner and outer leaflets. 

After immersion in n-butanol and fixation with 
osmium vapor alone, portions of the intercellular 
content of the stratum corneum are preserved. 
Thin sections reveal a distinctive banded pattern 
consisting of three to five continuous sheets with 
intervening bulbous dilatations containing homo- 
geneous, electron-dense material (Figs. 8, 9). The 
width of the intercellular space spanning adjacent 
cells under these conditions varies from 60 to 100 
r i m .  

Replicas of stratum corneum display large, 
smooth, particle-free laminated fracture faces 
(Figs. 2 and 5). A maximum of four lamellar steps 
occurred in these regions (Fig. 5), which corre- 
sponds with the thin-section images of three or 
four striations (cf. Figs. 8 and 9). Large membrane 
fracture faces occur much more frequently than in 
the subjacent stratum granulosum (Fig. 2). 

Localization of  the Fracture Plane in 

the Stratum Corneum 

The absence of membrane-associated particles 
as well as the similarity of lamellar fracture faces 
in the stratum granulosum to the broad, mul- 
tilaminated sheets observed both in thin sections 
and in replicas of the stratum corneum suggest that 
the fracture plane in the latter case may have 
shifted from its usual intramembranous pathway 
to the intercellular space. 

To localize the fracture plane in the stratum 
corneum, we attempted (a) to deep-etch, starting 
from the presumed intercellular space, through to 

the true plasma membrane. This approach, how- 
ever, proved infeasible because the lamellar mate- 
rial would not sublimate, regardless of cryoprotec- 
tion or etching time; (b) to examine replicas of 
osmium-prefixed tissues. Although osmium prefix- 
ation produces multiple membrane cross-fractures 
in other tissues (18), in the stratum corneum we 
noted no change in the ratio of smooth vs. 
cross-fractured images. However, membrane con- 
stituents adjacent to large, smooth faces were more 
detectable after prefixation with osmium than with 
initial glutaraldehyde fixation; and (c) to scrutinize 
freeze-substituted specimens sectioned perpendicu- 
lar to the fracture plane. Such specimens revealed 
cross-fractures of cornified cells alternating with 
definite intercellular cleavage planes (Fig. 10). 

Perfusion Studies 

INJECTIONS IN VlVO: When tracers were ap- 
plied topically to neonatal mouse skin, no tracer 
was discernible beneath the uppermost layers of 
the stratum corneum in thin sections. After subcu- 
taneous injection, HRP, lanthanum, and thorium 
dioxide percolated freely upward from the dermis, 
through the epidermal intercellular space, and on 
to the mid-to-upper stratum granulosum (Figs. 11 
a, b, 12). Egress apical to the upper granular layer 
was impeded at sites where the contents of lameilar 
bodies engorged the intercellular space. No tight 
or gap junctions were apparent here--a finding 
consistent with the absence of such junctional 
structures in freeze-fracture material. 

IN VITRO EXPERIMENTS" When intact unex- 
tracted epidermal sheets were perfused with tracers 
from above or beneath in a Millipore chamber, 
tracer was always excluded from individual cells 
and generally excluded from the sheets except 
where cornified cells had detached. No tracer 
entered intercellular spaces between adherent cells 
(Fig. 13). 

FIGURE 3 The membrane A face of a freeze-fractured granular cell reveals sparse, randomly distributed 
particles and aggregates of 8-10-nm particles corresponding in dimension and distribution to desmosomes. 
x 25,500. 

FIGURE 4 Looking downward at the granular/cornified cell interface, the granular cell A face discloses 
very few membrane particles and persistent desmosomal aggregates. Smooth lamellar faces abut on 
partially etched intercellular lamellae. • 58,000. 

FIGURE 5 Broad, smooth, multilaminated fracture planes occur throughout the stratum corneum. The 
cleavage pathway often skips from two to four levels (arrows) within a single fracture face. • 37,500. 
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DISCUSSION 

The Barrier Function o f  the 

Stratum Corneum 

Mammals owe their ability to survive in a 
nonaqueous environment to a barrier against water 
loss located in the epidermis. A large body of data 
from in vitro studies indicates that the stratum 
corneum is a highly impermeable membrane (re- 
viewed in reference 31), and although the observa- 
tions reported here do not dispute the concept that 
the stratum corneum is an effective barrier, the 
results of this study demonstrate that the barrier is 
actual ly formed beneath the s t ra tum 
corneum--i.r in the mid-to-upper stratum granu- 
losum, which may be the primary impediment to 
body water loss. The structural basis for retarda- 
tion of water loss appears to be the progressive 
accumulation of lamellar material, alone or in 
addition to other substances in the intercellular 
spaces. Material derived from extruded lamellar 
granules coalesces to form broad, laminated sheets 
in the epidermal stratum corneum. The subsequent 
upward progression of lamellar material through- 
out the interstices of the stratum probably explains 
the persistence of impermeability in the stratum 
corneum, as well as the normal resistance to 
percutaneous absorption. Exclusion of tracers by 
intercellular lamellae has been previously noted in 
other keratinizing epithelia (24, 32, 34), intimating 

that the functional scheme we describe in this study 
may indeed apply to most, but not all, mammalian 
keratinizing epithelia. In amphibian epidermis (l 3, 
2 i), the corneal epithelium (2) and the wool follicle 
(28) junctional structures are prominent, possibly 
because they are so-called transporting epithelia 
(2). The previous idea that tight junctions are 
present at the interface of the stratum granulosum 
and the stratum corneum in mammalian epidermis 
(16, 34) was not borne out in this investigation: no 
tight junctions were observed in thin-sectioned or 
freeze-fractured sheets of neonatal mouse epider- 
mis. 

Pathways o f  Percutaneous Absorption 

Although the apical portions of keratinizing 
epithelia are remarkably impermeable, some sub- 
stances cross the stratum corneum with relative 
ease. With the support of mathematical formulae, 
biophysicists allege that substances traverse cells 
and intercellular spaces in a nonpreferential 
manner--i.e, by transcellular pathways (31). This 
assumption is founded on the premise that the 
intercellular space is a compartment too narrow, 
too tortuous, and too inconsequential in volume to 
explain the observed fluxes across the stratum 
corneum. Prior ultrastructural studies of the stra- 
tum corneum have revealed either narrow intercel- 
lular spaces, comparable in dimension to those in 
other epithelia, or loose~ attached cornified cells 

FIGURE 6 Thin section of stratum corneum after routine processing for electron microscopy. Anucleate 
squames have highly irregular, thick cellular envelopes. The intercellular spaces vary in width and content. 
In the lower stratum corneum (below), the fibriilar cell matrix is compact, whereas distally (above) the 
matrix appears to have been extracted during tissue processing. In some areas, the intercellular space 
contains flocculent material (arrows). • 36,000. 

FIGURE 7 Cornified cell membranes after routine processing. The inner leaflet of the plasma membrane is 
obscured by an underlying homogeneous dense zone, 16-20 nm thick. Focal detachment of the outer leaflet 
produces an intramembranous lacuna. The outer leaflet is also obscured (by adherent, flocculent 
intercellular material). A central electron-lucent zone (arrows), always present between inner and outer 
leaflets, is somewhat wider than the central lamina of subjacent granular cell plasma membranes (cf. Fig. 
i). x 72,500. 

FIGURES 8 and 9 After n-butanol treatment and osmium vapor fixation, the intercellular content of the 
stratum corneum is often preserved (Fig. 8). Three to six 4-nm iamellar striations fill the intercellular space 
and envelop focal deposits of homogeneous (nonlamellar) electron-dense material (Fig. 9). The inner and 
outer leaflets of the trilaminar plasma membranes are obscured by the dense zone and intercellular lameUar 
material, respectively. Fig. 8, • 110,000. Fig. 9, • I1 i,000. 

FIGURE l0 Thin section of cornified cells after freeze-fracture and freeze-substitution. The fractured 
surfaces are highly osmiophilic. The plane of fracture transects the cornified cells and deviates for short 
distances through the intercellular space, passing halfway between adjacent cells (brackets). x 18,000. 
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separated by wide, often empty spaces (9, 23, 26). 
As this study has demonstrated, both of these 
images are artefaetual, and are presumably due to 
extraction occurring during routine processing for 
electron miscrscopy (8). The more "normal" situa- 
tion is reflected both by the freeze-fracture images 
with their stacks of intercellular lamellae, and by 
the intercellular striations observed in tissues 
treated with n-butan01-osmium vapor (Figs. 8, 9), 
which are ~80-100 nm wide, compared to the 
approximately 20-rim space between the plasma 
membranes of subjacent keratinocytes. The actual 
volume of the intercellular space may therefore be 
greater (by a factor of three to seven times) than 
has yet been appreciated, and may even be 
greater if the regular, intercellular dilatations are 
included. 

Second, isolated epidermal sheets perfused in 
vitro with electron-dense tracers confirmed the 
impermeable nature of intact stratum corneum. 
Under no circumstances did the water-soluble 
tracers studied gain access either to individual 
cornified cells or to the intercellular spaces be- 
tween adhering cells, except where cells became 
detached. After treatment with lipid solvents and 
surfactants, the same tracers penetrate more deep- 
ly, once again utilizing intercellular pathways (! I, 
10). These agents cause increased cell separation, 
presumably through extraction of intercellular 
lipid-rich material. 

Third, the regularly spaced, bulbous dilatations 
between adherent cornified cells could have an 
important function in percutaneous absorption. 
The lamellar intercellular bands are interrupted by 
such dilatations (Fig. 9), which are filled with 
homogeneous, electron-dense material. At the 
least, these spaces increase the potential volume of 
the intercellular space. Moreover, they may form a 
reservoir or network facilitating percutaneous pas- 
sage of certain substances. 

Membrane Structure and Function in 

Barrier Laminae 

The freeze-fracture and thin-sectional picture 
emerging from these studies establishes that the 
plasma membrane becomes obscured during its 
upward progression from the stratum granuiosum 
through the stratum corneum. The inner leaflet of 
the plasma membrane is obscured by the deposi- 
tion of a prominent dense zone (3, 13) beneath this 
leaflet (8, 23, 26). Interestingly, this zone uni- 
formly lines all cornified cells in the stratum 
corneum with the exception of some cells in the 
lowest layer, where it is focally absent under 
desmosomes. Since such desmosomal regions 
manifest button-like protrusions, it is likely that 
the principal function of the dense zone is to 
impart rigidity to individual cornified cells. Recent 
evidence indicates that the dense zone in mamma- 
lian epidermis comprises a fibrillar and amorphous 
complex significantly different in chemical compo- 
sition from keratin (22). In thin section, tonofila- 
ments appear to arise in this zone, so that together, 
the dense zone and intraceUular filaments form a 
continuous ecto- and endoskeleton within the 
cornified ceil. And finally, the outer leaflet may be 
obscured by intercellular laminae forming a bond 
with intercellular material. If a bond is formed 
between intercellular lamellae and outer leaflets, 
this unit might enhance the stability of the intercel- 
lular lamellar network. 

Our freeze-fracture observations are similar to 
those of Breathnach et al. (6) who described 
similar membrane features in the upper stratum 
granulosum, but whose description of particle-free 
plasma membranes in the stratum corneum was, in 
our opinion, based on images of intercellular 
lamellae, not upon true membranes. By freeze-sub- 
stitution, we have shown that the usual cleavage 
plane in the stratum corneum is intercellular. It 

FIGURE 11 a, b. Neonatal mouse epidermis perfused with HRP in vivo. HRP percolates vertically to the 
upper stratum granulosum, where further egress is blocked (arrows) by the extruded contents of lamellar 
bodies. Junctional structures are not evident at these levels (cf. Figs. 2 4). (a) • 25,000. (b) • 27,000. 

FIGURE 12 Neonatal mouse epidermis perfused with lanthanum in vivo. Fixation is poor under these 
conditions, but tracer egress is halted at sites where intercellular spaces become engorged with lamellar 
bodies, x 64,000. 

FIGURE 13 Intact upper epidermal sheet perfused with HRP in vitro. Tracer ingress (arrows) below outer 
surface is blocked by contiguous cornified cells, a finding identical to that observed after topical application 
of tracers to neonatal mouse epidermis in vivo. • 42,000. 
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was our experience that membrane features in the 
stratum corneum could be visualized on freeze- 
fracture only after solvent treatment (10, 11). A 
more complete description of the changes in 
solvent-treated stratum corneum is in preparation. 

Properties o f  Lamel lar  Bodies in 

Keratinizing Epithelia 

In neonatal mouse epidermis, multiple lamellar 
bodies are synthesized and secreted. Because of 
their extractability with lipid solvents (27) and 
staining properties (7), and also because of the 
visual aspect of freeze-fractured lameilae, they are 
presumably lipid-rich. As lipid packages they 
presumably deliver hydrophobic materials impor- 
tant for barrier function to the intercellular spaces. 
Interestingly, they closely resemble the myelin- (5) 
and phospholipid-rich, surfactant-containing gran- 
ules of mammalian alveolar Type II cells in 
freeze-fracture (33). However, numerous other 
properties have been ascribed to them as well. For 
example, intracellular lamellar bodies contain sev- 
eral hydrolytic enzymes (36), leading some inves- 
tigators to consider the extrusion of these bodies to 
be necessary for the eventual separation and 
sloughing of  superficial cornified cells (37). Quite 
possibly, iamellar bodies are heterogeneous in 
function. 
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