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Reactive Changes in the Langerhans’ Cells of Human Skin
Caused by Occlusion with Water and Sodium Lauryl

Sulphate
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Human skin was patch tested with sodium lauryl
sulphate or with water only for 48 h and biopsied
immediately and after 24 h, then analyzed by immu-
nocytochemistry and electron microscopy. Sodium
lauryl sulphate produced a decrease in the number of
epidermal Langerhans’ cells and an increase in der-
mal Langerhans® cells, with individual variations.
The 48-h water occlusion controls showed only slight
reactions. Unexpectedly, quite pronounced reactive
changes were seen 24 h after termination of water
occlusion. Thus, dermal Langerhans’ cells were com-
monly increased and epidermal Langerhans’ cells
tended to decrease in number. The results indicate
that the 24-h interval is not a period of recovery but a
period in which more pronounced reactive changes
occur. Hydration over 48 h followed by dehydration
leading to temporary damage to the epidermal bar-
rier may explain the present findings. Some of the
reactive changes observed after sodium lauryl sul-
phate exposure probably represent the additive ef-
fects of occlusion and sodium lauryl sulphate treat-
ment. Key words: Contact dermatitis; Birbeck gran-
ules; Electron microscopy; Immunocytochemistry.
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Observations on the numbers of T6+ cells in epider-
mis and dermis in contact dermatitis (CD) have
made it increasingly clear that the Langerhans’ cells
(LC) not only are immunocompetent cells (for ref
see 1) but are involved in irritant CD (ICD) as well
(2. 3). Ultrastructural studies in this laboratory,
based on the analysis of serial sections. have re-
vealed several new LC reactions which occur in the
initial stages (5-8 h) of ICD and it has been pro-
posed that the LC is a cell with a versatile defence
function (3, 4). To find out more about such reac-
tions we patch tested human skin with sodium lauryl
sulphate (SLS) for 48 h followed by analysis with
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electron microscopy (EM) and light microscopic im-
munocytochemistry. Unexpectedly, it became evi-
dent that water occlusion per se can strongly influ-
ence human LC.

MATERIALS AND METHODS

In the first part of the study (Jan. 1989) three healthy male
volunteers (code No. 1.2,5). age range 3443, were sub-
mitted to patch testing (volar forearm skin) with 1% aque-
ous solution of SLS for 48 h. The 12 mm Finn chambers
were filled with 50 pl SLS and a second set of chambers was
applied after 24 h. Both adjacent water occluded and con-
tralateral normal skin were used as controls; one 3 mm
punch biopsy was taken upon removal of the chambers
without anesthesia and processed for EM.

In the second part of the study (May 1989), two of the
previously tested subjects and two additional healthy male
volunteers (No. 1-4), age range 25-63. were submitted to
patch testing with 1% SLS (different batch from the SLS
used in the first study) or with distilled water only. Two 12
mm Finn chambers with 50 ul aqueous solution of SLS and
two chambers with 50 ul water were applied to the volar
forearm skin. A second set of chambers was applied after
24 h. All chambers were removed after 48 h and two punch
biopsies (3 mm) were immediately taken without anesthe-
sia from one SLS and one water test area. The remaining
test areas were biopsied 24 h later. Normal skin was ob-
tained contralaterally. The biopsies were processed for EM
and immunocytochemistry, respectively.

Electron microscopy

The biopsies were immediately immersed in 2.5% glut-
araldehyde in cacodylate buffer (+ 4°C) isoosmolar to
blood and were further processed as previously described
(4). Three. or more if needed (see Results). series of ul-
trathin sections (containing 20-100 consecutive sections)
were prepared from three different levels of each biopsy,

Immunocytochemistry

A monoclonal antibody. anti-T6 (DAKO-T6, Dakopatts).
directed against specific cell surface antigens (MW approx.
45 kD) of the LC was used. The antigen-antibody complex
was visualized with an avidin-biotin-immunoperoxidase as-
say (Vectastain ABC Kit, Vector Lab. ). Processing was as
described by Christensen et al. (5) except that phosphate
buffered saline was used and that the sections (8 um) were
placed on chrome alum coated slides,
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Fig. 1. A dermal LC showing numerous BG in their forma-
tive stage. Two of these (indicated by arrows) are seen in
this part of the cell cytoplasm. Bar = 210 nm.

A calibrated eyepiece at 312x magnification was used to
count 0.9 linear mm of the interfollicular epidermal surface
of at least 7 sections. Only dendritic cells with a visible
nucleus were counted. The number of LC was expressed as
LC/0.9 mm. The statistical significance of differences was
calculated by means of a one-way analysis of variance
(ANOVA with post-hoc. Newman-Keuls test). Significance
was set at p < 0.035,

RESULTS

Electron microscopy

All biopsies from unchallenged skin appeared nor-
mal.

Occlusion with water for 48 h caused very slight
changes in epidermal morphology. In contrast to
normal skin, where activated LC are few, most of
the LC (a total of 52) showed one or several of the
following signs that could be ascribed to enhanced
activation: dilated rough endoplasmic reticulum,
slightly enlarged perinuclear space. prominent Golgi
fields. increased number of vesicles (coated and non-
coated), lysosome-like structures and cytomem-
brane folds. LC dendrites terminating within the
granular layer were common in two biopsies.

Scattered mononuclear cells were found 24 h after
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water occlusion except for one case (No. 3) which
displayed mild spongiosis and an abundancy of such
cells. Only one LC was seen in apposition to a mono-
nuclear cell; the contact had a specialized character
as reported earlier (3. 4), with a small and uniform
intermembrane distance and enhanced electron den-
sity of the apposing membranes. A total of 34 LC
were observed in the four biopsies; most showed
signs of enhanced activation; in two cases there were
a few dendrites penetrating into the granular layer.
It was remarkable that no fewer than 7 LC were
present in the dermis in one biopsy (No. 3). In
another biopsy there was one dermal LC containing
a large number of Birbeck granules (BG) in the
formative stage i. e. still attached to the cytomem-
brane (Fig. 1).

Biopsies of challenged skin from the subjects in
the first part of the study showed general or focal

u o

. S

Fig. 2. An epidermal LC containing BG with an atypical
shape resulting from intensified “cytomembrane-sandwich-
ing”. Bar = 300 nm.
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Table 1. Number and distribution of T6+ cells in SLS patch tested skin biopsies.

Sub  Normal skin 48h SLS test 48h SLS test+24h
ject

T6+/0.9 mm T6+/0.9 mm  Position To+ cells T6+/0.9 mm  Position To+ cells

epidermis epidermis in epidermis in dermis epidermis in epidermis in dermis
1 10.4 10.4 normal 10.5 high-levelled +
2 10.1 10.1 high-levelled + 2.4* high-levelled ++

and basal and basal
3 10.1 1.8* high-levelled i+ 0 0 + +
and basal
4 9.9 12.7 high-levelled 11.7 high-levelled +
and basal

Table I1. Number and distribution of T6+ cells in water patch tested skin biopsies.
Sub-  Normal skin 48h water test 48h water test+24h
ject

T6+/0.9 mm T6+/0.9 mm  Position To+ cells T6+/0.9 mm  Position To+ cells

epidermis epidermis in epidermis in dermis epidermis in epidermis in dermis
1 10.4 9.4 normal 8.3 normal +
2 10.1 7.9 normal 6.6% normal -
3 10.1 9.0 normal 7.9 high-levelled -
4 9.9 6.9 normal 7.9 normal -

%

p<<0.05 vs. controls.

Estimated slight increase of T6+ cells in the dermis is indicated by +, clear increase by ++

spongiosis and numerous mononuclear cells, some
breaking the basal lamina. The epidermal LC (a
total of 34) showed one or several signs of enhanced
activation and 3 LC had a specialized cytomembrane
contact with a mononuclear cell as described above.
Two LC were breaking the basal lamina.

In the upper dermis several LC, identified from
their content of BG, were found occurring both sin-
gly and in the perivascular infiltrates. These cells (in
total 8 cell bodies + 8 dendritic parts located so far
apart from each other that they were judged to be-
long to different LC) often had specialized cyto-
membrane contacts with other cells in the dermal
infiltrate. Some of the dermal LC contained large
numbers of coated vesicles and cytoplasmic fil-
aments.

Challenged skin of the subjects (No. 1-4) tested in
the second part of the study showed great variations
of the intercellular spaces (ICS), from slightly wid-
ened basal interstices to focal or general spongiosis.
Mononuclear cells were usually present in small
numbers in the innermost layers of the epidermis,
but were numerous in one biopsy (No. 1) and some-
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times seen to break the basal lamina. Specialized
contact with an LC was observed in one instance
only.

Most of the 55 LC observed (one breaking the
basal lamina) showed one or several of the signs
ascribable to enhanced activity (see above). One L.C
(No. 3) contained BG with an atypical shape (curved
and undulating and often unusually long) in a dis-
crete part of the cell body (Fig. 2). It has been
suggested that such granules arise from an intensi-
fied superimposing between complicated cytomem-
brane folds (6).

Numerous dermal LC (in total 17 + 18 dendritic
parts; all identified from their content of BG) were
seen in the biopsies taken from three individuals
(No. 1,2,3). Most of these cells were present in the
dermal infiltrate and there were numerous specific
cytomembrane contacts with other cells. Some of the
cells contained numerous coated vesicles, many
more than did epidermal LC. One LC in the upper
dermis showed an intensified formation of BG in a
limited area of the cytoplasm similar to the phenom-
enon illustrated in Fig. 1.
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Fig. 3. T6+ cells. (a) Evenly distributed T6+ cells in nor-
mal skin biopsy. (b) High-level epidermal- and increased
dermal T6+ cells 48h after 48h exposure to SLS. (¢) Re-
duced numbers of epidermal, and increased numbers of
dermal T6+ cells 24h after the removal of the SLS patch.
Bar = 50 um.

Twenty-four h after removal of the chambers, one
biopsy (No. 3) showed slightly distended ICS in the
innermost layers while the spinous layer contained a
number of melanocytes that had become detached
(this effect of SLS was recently reported by Warfv-
inge et al. 7). The other biopsies showed slight focal
spongiosis or normal ICS. A few mitotic basal ker-
atinocytes were found in one biopsy. Only few
mononuclear cells were present, one having a spe-
cialized cytomembrane contact to an LC.

No epidermal LC were seen in subject No. 3 (this
finding was confirmed in nine further section series).
On the other hand there were numerous dermal LC

(totally 9 + 3 dendritic parts). Biopsy No. 2 showed
only few epidermal LC and 3 dermal LC, one exhib-
iting intensified BG formation, similar to that shown
in Fig. 1. A total of 33 activated epidermal LC were
seen in the remaining biopsies.

Immunocytochemistry

The densities and distribution of T6+ cells in the
skin biopsies are illustrated in Tables I and 1I.

The epidermal T6+ cells showed an even distribu-
tion in normal skin (Fig. 3a). The dermis showed
only rare To+ cells.

A common finding following water occlusion for
48 h was that all or almost all T6+ cells had their
dendrites directed towards the surface. One biopsy
contained normal-looking epidermis. Two biopsies
(No. 2 and 4) taken 24 h later had a normal epider-
mis. There was a decrease of T6+ cells in one biopsy
and several T6+ cells occupied a high-level position
in the fourth (No. 3) and their dendritic trees were
poorly developed. There was a slight increase in the
number of rounded T6+ dermal cells in connection
with perivascular infiltrate in three biopsies but they
appeared singly as well in one biopsy.

A 48-h exposure to SLS led to changes in in-
traepidermal T6+ cell distribution more pronounced
than those after water occlusion only (see also Fig.
3b). Two biopsies showed a slight increase in dermal
T6+ cells (both rounded and dendritic) in the peri-
vascular infiltrates and, in one case, scattered T6+
cells were also seen just below the basal lamina of
the epidermis. All biopsies showed an increase of
To6+ dermal cells 24 h after termination of the SLS
test. The cells occurred singly in the upper dermis or
in perivascular infiltrates. Confirming the findings
from EM section series, case No. 3 showed no epi-
dermal T6+ cells. In two cases (No. 2 and 4) the
dendritic trees of the epidermal To+ cells were re-
duced (Fig. 3c).

Control reactions with normal ascites fluid instead
of anti-T6 antibody revealed no positive staining of
cells in the epidermis or dermis. and no cells with
endogenous peroxidase were observed.

DISCUSSION

Occlusion per se can cause cellular changes in epi-
dermal cells (8, 9, 10). Information regarding cellu-
lar and subcellular reactions of epidermal LC to
water occlusion is sparse and this applies not least to
the test model with a 48 h topical application of a
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substance in aqueous solution followed by biopsy 24
h later which is often used in studies of the LC. A
pronounced effect on the keratinocytes, but undis-
turbed integrity of the LC has been reported (9). We
found that the 72 h controls yielded the unexpected
finding of pronounced and functionally important
reactive events in the LC system. These events in-
cluded individually varying degrees of a tendency to,
or a significant decrease in LC numbers, the occur-
rence of LC dendrites penetrating into the granular
layer, ultrastructural signs of LC activation and, re-
markably, an increase in dermal LC. There was in
one case a pronounced redistribution of the epider-
mal LC combined with loss of dendrites. It is evident
that such reactive phenomena must be taken into
account when the effects of the tested substance
itself are to be interpreted. This is amply demon-
strated by the possibility revealed on comparison of
Tables I and I, that reactive events observed after
the topical application of SLS may well originate
from the summed effects of water occlusion and
SLS. We have also demonstrated that the LC reac-
tions seen with 48 h of occlusion with water are
modest and generally restricted to activation of the
cells. Thus, the 24 h interval after removal of the
chambers is not a period of recovery but one that
leads to more pronounced reactive changes in the
LC. A reason for this could be that 48 h of hydration
followed by drying further damages the epidermal
barrier, thereby affecting the LC.

The combination of EM and T6 immunocytoche-
mistry revealed that SLS in aqueous solution caused
the following main reactive changes in the LC: in
epidermal LC: a decrease in number, change of posi-
tion of the cells and altered extension of the den-
dritic tree; in epidermal as well as in dermal LC:
increased BG formation, the appearance of contacts
with exocytic cells and, for dermal LC. an increase in
number.

There have been several attempts to enumerate
the epidermal LC at various stages of ICD but the
results to date are conflicting and of little help in
understanding LC functions. The numbers of epider-
mal T6+ cells found after exposure to SLS (11, 12,
13) also vary widely. There are two obvious reasons
for this: the well-known individual variation in sus-
ceptibility and the differences in experimental mod-
els used. Individual susceptibility to SLS was amply
evidenced in the present experiments by the changes
in number of epidermal T6+ cells. The number of
such cells was unchanged in some individuals and
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greatly reduced in others, under identical experi-
mental conditions.

The cause of the fall in epidermal LC numbers is
not known. Ferguson et al. (13) suggested that the
LC could be more vulnerable than the keratinocytes
to chemical injury of the skin. This suggestion was
recently substantiated by the finding that the LC
have functionally very reactive cytomembranes and
can be extremely sensitive targets for exogenously
applied substances, including SLS (4, 14). This sensi-
tivity is due to a peculiar cytomembrane mechanism
that involves superimposition of cytomembrane
parts, “cytomembrane-sandwiching (CMS)” (see
Fig. 1). The CMS can become extensive, and some
LC succumb because more cytomembrane is con-
sumed than is compatible with cell survival. Another
possibility would be that the cells escape from a toxic
milieu and withdraw to the dermis. This possibility,
in turn, could explain the increase in dermal LC.

Several authors have reported that, while T6+
cells are few or non-existent in normal dermis (13,
15), they are found in both allergic contact dermat-
itis and ICD (2, 12, 13, 16, 17) as well as in certain
other diseases (for refs see 18, 19). Uncertainty pre-
vails regarding the identity of these cells. Electron
microscopy performed during the first days of CD
has either failed to reveal BG (2. 20, 21) in such
cells, or revealed BG in only a few of the cells (18),
and it has been suggested that the absence of BG in
Té6+ dermal cells is due to their being indeterminate
cells (15). In contrast to this we found a considerable
number of BG-containing dermal cells. The differ-
ence in results may indicate that relatively extensive
section series such as used in this study are some-
times necessary to reveal the presence of BG. The
simultaneous increase in T6+ cells and BG-contain-
ing cells observed here leaves little doubt that many
of the T6+ cells in fact are LC. Moreover, the pre-
sent findings and the fact that it is now known that
indeterminate cells do not exist in normal human
epidermis (22) justify some caution in identifying
indeterminate cells.

The reactive events now reported to occur in the
LC system in response to simple water occlusion and
to SLS exposure support our earlier suggestion that
the LC not only are immunocompetent cells but
seem to be alerted in presumably non-immunoreac-
tive situations as well (3).
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