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In recent years much interest has becn focused on the functions of the membrane-coating
granules (MCGs). These granules seem to play an essential role in the formation of the bar-
rier of the stratum corneum by extruding their lipid-rich content into the extracellular space
of the corneocytes. The dry non-eczematous skin in atopic dermatitis has been reported to
have defective barrier function. In the present study a quantitative electron microscopic
analysis was made of the volume of MCGs in the transition zone between the stratum
granulosum and stratum corneum in dry skin of patients with atopic dermatitis. The relative
volume of MCGs was significantly greater than that in normal skin. This finding may indicate
a disturbance of the “maturation™ of the MCGs, leading to a defect in the barrier function
in atopic dermatitis. Key words: Lipids; Barrier function. (Received December 29, 1986.)

Y. Werner, Department of Dermatology, Sodersjukhuset, S-10064 Stockholm 38, Sweden.

In 1957, with the development of biological application of electron microscopy, ovoid
granules with a lamellar internal structure were observed in the keratinocytes of the upper
part of the epidermis (1). These granules have been given a variety of names, e.g. Odland’s
bodies, keratinosomes, lamellar granules and—the term now predominantly used—mem-
brane-coating granules (MCGs). Research in recent years has resulted in major progress to-
wards the understanding of the function of these granules. The MCGs are derived from the
endoplasmic reticulum (2) and they first appear at the level of the stratum spinosum. These
granules have been shown to contain non-polar lipids, polysaccharides, lipases and hydro-
lytic enzymes (3, 4). In the upper layer of the stratum granulosum the granules fuse with the
cell membrane and their lipid-rich content is extruded into the extracellular space of the
stratum corneum, forming the “mortar” in a two-compartment model in which the corneo-
cytes constitute the “bricks” (4). The extracellular non-polar lipids, rich in cholesterol and
ceramides, probably provide the main barrier of the stratum corneum. Many recent inves-
tigations suggest that quantitative alterations in these lipids are responsible for both normal
and abnormal stratum corneum barrier phenomena (5).

In atopic dermatitis (AD), many patients have dry-looking skin in non-predilection areas
such as the back. A high frequency of bacterial infection of the skin and of non-allergic hand
eczema in patients with AD are clinical evidences suggesting a defect barrier function. The
aim of this study is to determine whether the production of MCGs is disturbed in dry skin
of patients with AD.

MATERIAL AND METHODS
Material

Nine patients aged 18-40 years with atopic dermatitis according to the criteria of Hanifin & Rajka (6)
participated in the study. They all had dermatitis on the flexures and in addition “dry-looking’ skin on
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the back that is—finely scaling, non-inflamed non-erythematous skin in this region (7). Nine age-
matched persons with no anamnestic or clinical signs of atopy or dry skin served as controls. All persons
had given their informed consent. A 3-mm punch biopsy was taken from the back of each person and
was immediately prepared for electron microscopy.

Preparatory technigues

The specimens were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer containing 4% sucrose for
at least 24 h. Postfixation was carried out for 90 min with 1.5% potassium ferrocyanide and 1% osmium
tetroxide in water according to Karnovsky (8). After dehydration in a graded ethanol series the speci-
mens were embedded in Epon and ultrathin sections were cut on an LKB Ultratome. Contrast staining
was performed with uranyl acetate and lead citrate. The sections were viewed in a Philips EM 301 G at
60 kV and micrographs were recorded on 3§ mm film.

Quantitative analysis

Stereological analysis (9) was applied for measurement of the relative volume of MCGs in the upper-
most layer of the stratum granulosum and for assessment of the relative volumes of keratohyalin
granules, tonofilaments and granular material (e.g. ribosomes) in the stratum granulosum. One section
from each patient was chosen at random in the electron microscope at a low magnification. For the
analysis of the MCGs, a series of ten consccutive fields without overlapping were studied from the area
of the upper part of the stratum granulosum and lower stratum corneum at a primary magnification of
x10000. The micrographs were copied on photopaper at a secondary magnification of x8. A reference
area comprising the upper layer of the stratum granulosum and the interspace between the stratum
granulosum and stratum comeum was outlined on each micrograph (Fig. 1). The relative area and thus
the relative volume of MCGs in this reference area was calculated with an area/length computer software
program (Cardio 200, Kontron, France).

For determination of the relative volumes of keratohyalin granules, filaments and granular material,
five micrographs at x5 100 primary magnification were taken from the stratum granulosum in the same
section as was used for the MCG analysis. A point-counting method was employed (9). A square point
lattice containing 225 points (d=1 cm) was applied to each micrograph (secondary magnification x8).

In order to minimize the subjective influence on the quantitative assessment, all the photocopies were
randomly mixed after hidden identification number had been allotted to each micrograph.

Light microscopy

Sections approximately 1 um thick were cut from each biopsy. They were stained with toluidine blue and
evaluated in a conventional light microscope.

Statistical analysis
The Wilcoxon rank sum test (two-tailed) was used for statistical comparison of the relative volumes.

RESULTS

The result of the stereological analysis of MCGs is given in Table I. Compared with the con-
trols, there was a statistically significant increase (p<0.01) in the relative volume of MCGs
in dry skin of patients of AD. No statistically significant differences were found in the rela-
tive volumes of keratohyalin granules, filaments or granular material in the two groups
(Table II). Biopsies from normal skin and from dry atopic skin showed no differences in the
light microscope, and in none of the biopsies were any signs of eczema observed. In both
groups there was a partial loss of stratum corneum in some biopsies and these specimens
could thus not be evaluated regarding the stratum comeum.

DISCUSSION

It is known that the physical properties of the stratum corneum are altered in dry non-ecze-
matous skin of patients with AD. Increased transepidermal water loss, which indirectly re-
flects a defective barrier, has been noted in dry skin in AD, but also in skin with a normal
appearance on predilection sites, e.g. the hands and forearms (10). A low water content of
the stratum corneum in dry skin (11) and a deficient ability to bind water (12) also indicate
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Fig. 1. Reference area in the uppermost layer of the stratum granulosum. x80000. Stg=stratum
granulosum, St c=stratum corneum, thick arrows=membrane-coating granules (MCG), A=reference
area.
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Table 1. The relative volume (%) of MCGs in the reference areu

Atopic dermatitis Controls
n=9 n=9
(%) (%)
13.2 6.5
2.7 6.7
8.5 8.1
9.1 6.7
8.3 8.7
10.6 8.7
15 5.1
6.7 5.6
10.0 7.6
Mcan 10.1** 7.0
SD 22 1.3

** p<0.01.

a defective barrier. At the transition from stratum granulosum to stratum cormeum, major
biochemical and structural changes take place. Among other things therc is a shift from polar
lipids (mainly phospholipids) to neutral lipids (e.g. ceramides and cholesterol) (5). During
recent years it has become evident that these lipids are crucial for the barrier properties of
the epidermis. From a morphological point of vicw the stratum corneum lipids are mainly
found in the extracellular region and the volume of this extracellular space expands in the
transition from stratum granulosum to stratum corneum (4). It has bcen shown that the
MCGs play an essential rolc in the formation of this lipid-rich extracellular rcgion of the
stratum corneum (4, 3).

Mustakallio et al. (13) quantified the lipids of whole epidcrmis in paticnts with AD, and
found a decrease in the content of total lipids and a relative increase in free fatty acids and
sterols in eczematous skin of the forearm. Abe et al. (14) noted a decrease in squalenes and
total lipids, including free cholesterol. in eczematous skin of patients with AD. However, no
qualitative or quantitative data are available today concerning the extracellular lipids of the
stratum corneum in dry skin of AD patients. We have approached this question from an ultra-
structural aspect by performing a quantitative analysis of the volume of MCGs in the dry
atopic skin.

The stereological principles uscd in the present quantitative analyses are based on the
theory that relative areas in ultrathin sections can be translated to relative volumes (9). The

Table I1. The relative volumes (%) of filaments, keratohyalin granules and granular material
in the stratum granulosum

Atopic dermatitis Controls

n=9 n=9

Mcan SD Mcan SD
Filaments 25.3 2.8 25.8 4.2 NS
Keratohyalin granules 5.7 3.6 8.0 5.2 NS
Granular material 5.3 15 54 1.3 NS

NS = not significant.
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MCGs are uncvenly distributed in the epidermis, with an increasing number towards the
stratum corneum, and the granules have a relative volume of about one per cent of the
stratum granulosum in normal epidermis according to Klein-Szanto (15). As the end product
of the MCGs is extruded into the extracellular space of the stratum corneum, we decided to
optimize the analysis of the MCGs by defining a reference area comprising the uppermost
part of the stratum granulosum cells and the intercellular space between the stratum
granulosum and stratum corneum. It was found that the relative volume of the MCGs was
significantly increased in this region in the dry skin of patients with AD compared with nor-
mal skin. This finding might reflect a differentiation defect or changes in the production of
lipids, resulting in defective barrier function.

On the basis of histological findings it has previously been proposed that the dry skin in
AD is the result of a subclinical cczema (7). Finley ct al. (16) suggested that this could be the
cause of a change in differentiation, leading to a defective barrier function.

We could not confirm these findings in our light microscopic analysis of semithick Epon-
embedded sections. However, a comparison between histological findings in dry skinin AD
has to be made with some caution as long as we are unable to define the clinical term “dry
skin’ objectively and thus compare the degrees of involvement of the skin sites chosen for
biopsy. The area of biopsy also differs in different investigations (7. 16). In the present study
we also performed a quantitative analysis of other structural markers of epidermal differen-
tiation. No differences were detected in the contents of keratohyalin granules. filaments, or
granular material (e.g. ribosomes) in the stratum granulosum between the two groups inves-
tigated. The values obtaincd for keratohyalin granules and filaments corresponded well with
previously published data for normal skin (15). These findings would speak against the pos-
sibility of major differences in the differentiation of cpidermis in our material.

In conclusion, in patients with atopic dermatitis and dry skin we have found an increased
relative volume of membrane-coating granules in the uppermost part of the stratum
granulosum as compared with normal skin. This finding may indicate a disturbance of “ma-
turation™ of these granules, or an alteration in the production of lipids, which could partly
explain the change in barrier properties observed in dry non-cczematous skin in atopic der-
matitis.
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