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Ultrastructural Changes In Darier’s Disease Induced by

Ultraviolet Irradiation
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A male patient with clinically and histopathologically
verified Darier’s disease and a history of deteriora-
tion after sun exposure was irradiated on uninvolved
skin with 25, 50 and 75 J/cm? of UVA once a week for
five weeks. He also received 3 and 5 times his individ-
ually established MED of UVB. Since no signs of
keratosis follicularis were detected one week after the
last irradiation, he was then exposed to 10 times his
MED with UVB, whereupon clinically characteristic
lesions of keratosis follicularis developed. One week
after this exposure, biopsies were taken from the
UV-induced lesions and processed for light and trans-
mission electron microscopic investigation.

Light microscopy revealed suprabasal lacunae, corps
ronds and grains. In the electron microscope, gaps in
the basal lamina beneath the suprabasal lacunae were
also observed, through which cytoplasmic processes
of lymphocyte- and fibroblast-like cells and basal ker-
atinocytes protruded. Parts of keratinocytes with dis-
ruptive cell membranes were localized in the gaps of
the basal lamina. Also, multiplication of the basal
lamina was frequent. Key words: UVA/UVB provoca-
tion; Keratosis follicularis; Basal lamina; Herniation
of keratinocytes.

(Accepted September 10, 1990.)
Acta Derm Venereol (Stockh) 1991; 71: 108-112.

H. Beitner, Department of Dermatology, Karolin-
ska Hospital, S-104 01 Stockholm, Sweden.

Several reports have characterized the ultrastructu-
ral changes of Mb Darier, especially dyskeratosis
and acantholysis (1-7). The histopathological alter-
ations have been observed mainly in the keratino-
cytes (ke) . The basal lamina (BL) at the floor of the
suprabasal lacunae has been described as continuous
(1) and adhering to basal keratinocytes with semi-
desmosomes (1-7). Mann & Haye (3) have shown
that a breakdown of the BL occurs in Darier’s dis-
ease, and in two recently published papers (8, 9) in
particular, the changes of the BL were described.
The purpose of the present study was to investi-
gate whether changes in the BL occurred in skin with
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clinically characteristic lesions of Mb Darier induced
by ultraviolet irradiation.

MATERIAL AND METHODS

Patient

A twentyeight-year-old male with extensive Darier’s dis-
ease since puberty, exacerbated by sunlight despite his skin
type, III, and his minimal erythema dose (MED) of 27.2
mlJ/em?, was investigated. At the time of the experiment he
had erythematous, papular and keratotic lesions on the
neck, chest and upper back.

Light source

An Osram high pressure xenon arc lamp (XBO 150 W) in a
Zeiss Microscope lamp housing with quartz collector was
used to produce a round, uniformly bright spot. 1.5 cm in
diameter. The exposure distance was 15 cm from the side of
the abdomen of the patient to the filter-holder. A Schott
WG 295 filter was used and the UVB intensity of the beam
was 1.8 mW/em®. As source for the UVA provocations a
glass-filtered UVA-sun 3000 lamp (Mutzhas International
AG, Switzerland) was used. The skin was exposed at a
distance of 30 cm and the intensity of the lamp was 43
mW/cm®.

UV-provocation and tissue preparation

After establishing the patient’'s MED, an uninvolved part
of the skin was exposed to 3 and 5 times his MED once a
week, during 5 weeks. Simultaneously on another location
the patient was exposed to 25, 50 and 75 J/em® of UVA.
One week after this 5-week period, a non-exposed unin-
volved part of the skin on the side of the abdomen was
irradiated with a single exposure of UVB 10 times the
patient’s MED value. One week after UV exposure 4 mm-
punch biopsies were taken from skin irradiated with a
single exposure of 10 times MED and from unexposed
normal skin (control). One part of the biopsy from irradia-
ted skin was fixed in 10 % formalin and processed for light
microscopy. The other part was fixed with 4% glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7.4 at 4°C overnight,
rinsed in the same buffer, postfixed with 2% Osmium te-
troxide for one hour, dehydrated in acetone, and embed-
ded in Spurr. 500 A ultra thin sections were cut on an LKB
ultramicrotome, collected on net grids, and double stained
with uranyl acetate and lead citrate. The sections were
examined under a JEM-100 S transmission electron micro-
scope.
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Fig. 1. Lesions of keratosis follicularis one week after exposure to UVB ten times MED. The arrow indicates the punch
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biopsy scar. — Fig. 2. Light-microscopic findings of keratosis follicularis induced by UVB. Hematoxylin-eosin-stained
section shows suprabasal lacunae (L) with acantholytic cells (arrows) and grains (arrow heads) in the granular layer. Bar =
20 pm (x 950). — Fig. 3. Basal lamina (arrow heads) uncovered with keratinocytes and disruption (arrows) of cytoplasmic
membrane of keratinocytes. L = suprabasal lacunae. D = dermis. Bar = 1,0 um (x 21 700). - Fig. 4. Multiplication of
basal lamina (arrows). M = melanocyte. Bar = 1.0 um (> 22 400).

RESULTS
Clinical and light microscopic findings
UVB provocation performed with 3 and 5 multiples

of MED once a week for 5 weeks did not induce
clinical Darier’s disease, and neither did UVA prov-

ocation with 25, 50 and 75 J/cm? at the same intervals
over 5 weeks.

One week after a single exposure to 10 MED of
UVB, lesions with characteristic keratotic papules
were observed (Fig. 1). The light-microscopic exam-
ination revealed characteristic features such as su-
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Fig. 5. Note gap in b

asal lamina (arrows heads) and disruption of cytoplasmic membrane and exposed cytoplasmic

organellae (arrow) in area of suprabasal lacunae. Bar = 2 ym (X 12 200). - Fig. 6. A lymphocyte-like cell (L) penetrating
the gap (arrows) in the basal lamina into the suprabasal lacunae. Bar = 2 pm (x 14 300). - Fig. 7. A cytoplasmic process of
a fibroblast-like cell (F) protrudes into the lacunae through the gap (arrows) in the basal lamina. Bar = 2 um (x 13 000). —
Fig. 8. A representative basal keratinocyte herniation (BKH). Arrows show contact between a keratinocyte and the basal
lamina. Bar = 1 um (x 21 700). - Fig. 9. A micro-gap in the basal lamina beneath a keratinocyte. Bar = 0.5 um (% 59 000).

prabasal detachment of the spinous layer forming
lacunae containing acantholytic cells. In supraposi-
tion, corps ronds and grains embedded in a hyper-
keratotic horny layer were seen (Fig. 2).
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Transmission electron microscopy

The suprabasal lacunae, corps ronds and grains
shown with light microscopy were also detected with
ultramicroscopy. However, additional lesions in the
form of remarkable changes of the BL beneath the
suprabasal lacunae were observed with electron mi-



croscopy. The BL beneath the widened intercellular
space between basal keratinocytes at the floor of the
lacunae was not covered with basal cells but directly
faced to the lumen of lacunae (Fig. 3).

Gaps or focal discontinuites in the BL were ob-
served in some areas (Figs. 5-9), while the BL in
other areas remained continuous. Large gaps in the
BL were situated beneath the widened intercellular
space between basal cells. Parts of the membrane of
basal keratinocytes were degenerated and cytoplas-
mic organellae protruded into the lacunae and the
dermis. These cell portions seemed to drop from the
lacunae into the dermis through the gap in the BL
(Fig. 5). Dermal lymphocyte- and fibroblast-like
cells penetrated the BL through the gap of the epi-
dermal lacunae (Figs. 6, 7). Also, cytoplasmic proc-
esses from basal keratinocytes protruded through
gaps in the BL into the dermis (Fig. 8). The termi-
nals of the gaps in the BL were in close contact with
the stem of the basal keratinocyte herniation. The
phenomenon illustrated in Fig. 5 occurred more
commonly than the basal keratinocyte herniation,
Micro-gaps were also observed in the BL (Fig. 9).
Gaps in the BL were only observed in areas where
suprabasal lacunae appeared. In UV-exposed skin
without lacunae or in the control skin, these gaps
were not seen.

Multiplications of BL were observed (Fig. 4).
Elastic fibre-like materials were present among the
multiplicated BL and occasionally a part of cytoplas-
mic processes of basal cells remained.

DISCUSSION

The patient investigated in this study developed le-
sions characteristic of Darier’s disease after a single
UVB dose of 10 times MED. This high UVB expo-
sure was performed after serial exposures to 3 and 5
times the UVB MED once a week for 5 weeks and
after UVA provocation had, to our surprise, failed
to elicit a similar response. Previous reports by Baba
& Yaoita (10) suggest that lesions of keratosis follic-
ularis cannot be induced by single UVB-exposures,
but rather by repeated sub-erythemal doses. How-
ever, Penrod et al. (11) and Heyl (12) showed that
single exposures of erythema-producing UV irradia-
tion did elicit lesions with features of Mb Darier. In
our experience it is possible, but rather difficult, to
develop keratosis follicularis in uninvolved skin with
a single UVB exposure. The necessary UVB dose
seems to be several magnitudes of the MED and to
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depend on individual variations. Since the biopsies
in this case were taken one week after the UVB
provocation, most of the UVB-induced erythema
and other signs of UV-induced inflammation had
disappeared. Also during this period the lesions
characteristic of Mb Darier had developed.

The ultrastructural changes that we observed with
TEM could either be a result of the unphysiolog-
ically high UVB exposure or a feature of keratosis
follicularis. In previous papers discussing ultrastruc-
tural changes due to UVB irradiation (13-18 ), simi-
lar changes of the BL, in the form of the gaps re-
ported in this paper, have not been observed. How-
ever, gaps and multiplication of the BL, and
herniation of basal keratinocytes, have been ob-
served by others investigating the ultrastructure of
Darier’s disease (8,9). In addition, in our study we
observed the gaps in the BL only in the area where
the suprabasal lacunae appeared, even though the
whole specimen had been exposed to 10 times MED
of UVB. This further supports the conclusion that
the changes observed in the BL and in basal ker-
atinocytes are predominantly the result of the in-
duced keratosis follicularis.

The gaps in the BL are formed by the herniation
of basal keratinocytes as described in psoriasis (19,
20), or are due to the penetration of the mesenchy-
mal cells as in allergic contact dermatitis (21). More-
over, we observed that parts of keratinocytes with
disrupted cell membranes were situated on the BL in
the large gaps.

It has been suggested that the multiplication of the
BL is caused by the synthesis of BL in epithelial cells
as a result of injury and as a protective response on
the part of injured cells (22). The present finding
could thus be a result of the UV-induced trauma.

In conclusion, our findings support the observa-
tion by others that gaps of the BL in close connec-
tion with the suprabasal lacunae and the herniation
of basal keratinocytes are connected with Darier’s
disease, while the multiplication of the BL is most
probably the result of the UV injury.
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