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Summary. Non-epithelial mesenchymal and neuroectodermal cells occur be-
tween the keratinocytes in the stratified squamous epithelium of the oral
mucosa. These cells cannot be classified adequately by light microscopy.
In the present study the oral mucosa of the lip, cheek and tongue of 50 mice
were studied by light and electron microscopy. 3,025 mononuclear interepi-
thelial cells were documented and analysed.

Monocytogenic macrophages, plasma cells and mast cells were not found
interepithelially and cannot be regarded as a regular constituent of the epithe-
lium. Only a few neuroectodermal cells — in mice these are exclusively Merkel
cells, with no melanocytes — were localized in the epithelium. The majority
of the interepithelial cell population is made up of lymphocytes (22.8%)
and Langerhans cells (56.8%). They are an integral constituent of the epithe-
lium. Lymphocytes with rounded and indented nuclei can be identified.
The larger and dendritic Langerhans cells are a specific cell of squamous
epithelium and also occur in the oral mucosa. Not all cells which feature
the cytological characteristics of Langerhans cells contain Langerhans or
Birbeck granules. Accordingly these granules cannot be considered an exclu-
sive identification characteristic. Two types of Langerhans cells can be differ- -
entiated. 80.9% have the more or less typical appearance known from the
epidermis and were termed macrophagocytoid Langerhans cells. The nuclei
are irregularly indented and moderately heterochromatic. 19.1% possessed
conspicuous large, spherical, euchromatic nuclei and an electron-lucent cyto-
plasm. These were termed reticuloid Langerhans cells. About 20% of the
interepithelial cell population could not be identified, neither as typical lym-
phocytes nor as Langerhans cells. These were small to medium sized cells
with deeply indented ““cerebriform” strongly heterochromatic nuclei. They
are similar to the *“Sézary cells”” or mycosis fungoides cells of epidermotropic
human T-cell lymphomas. The lymphocytic nature of these cells has been
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confirmed. It seems likely that differentiation of lymphocytes to cerebriform
cells occurs within the epithelium. It is further discussed whether cerebriform
cells are precursors of Langerhans cells, a conclusion suggested morpho-
logically by transitional forms. This would imply that Langerhans cells
originate from lymphocytes, and that the cerebriform cell is an interme-
diate step of differentiation. The microenvironment of the squamous epithe-
lium may play a role in the process of differentiation, which could explain
the epitheliotropy of lymphocytes. The possibility is considered that Langer-
hans cells and interdigitating reticulum cells of the T-cell area of lymph
nodes are identical. The close functional cooperation of Langerhans cells,
lymphocytes, and interdigitating reticulum cells in immunological defenses
against external antigens is discussed.

Key words: Oral mucosa — Interepithelial cells — Lymphocytes — Langerhans
cells — Cerebriform cells.

Zusammenfassung. Im mehrschichtigen Plattenepithel der Mundschleimhaut
finden sich neben den Keratinocyten auch nichtepitheliale mesenchymale
und neuroektodermale, sog. interepitheliale Zellen, welche lichtmikrosko-
pisch nur unzuldnglich klassifizierbar sind. In der vorliegenden Studie wurde
die Lippen-, Wangen- und Zungenschleimhaut von 50 Miusen licht- und
elektronenmikroskopisch untersucht. Dabei konnten 3025 mononucleére in-
terepitheliale Zellen dokumentiert und analysiert werden. Monocytogene
Makrophagen, Plasmazellen und Mastzellen waren interepithelial nicht nach-
weisbar und sind nicht als fester Bestandteil des Epithels anzusehen. Nur
sehr wenige neuroektodermale Zellen — bei der Maus fast ausschlieBlich
Merkelzellen und keine Melanocyten — liegen im Epithel. Die tiberwiegende
Mehrzahl der interepithelialen Zellen sind Lymphocyten und Langerhanszel-
len als integrale Bestandteile des Epithels. 22,8% der gesamten interepithelia-
len Zellen erwiesen sich ultrastrukturell als Lymphocyten. Etwa je die Hélfte
hiervon wiesen runde und gekerbte Kerne auf. Als zweite Gruppe von inter-
epithelialen Zellen kommen die groferen dendritischen Langerhanszellen in
der oralen Mucosa ebenso wie in allen anderen mehrschichtigen Plattenepi-
thelien vor. 56,8% der interepithelialen Zellen konnen als Langerhanszellen
eingestuft werden. Nicht alle cytologisch den Langerhanszellen entsprechen-
den Zellen enthalten Langerhansgranula. Diese kénnen somit nicht als allei-
niges Identifizierungsmerkmal gelten. Zwei Typen von Langerhanszellen
konnen unterschieden werden. 80,9% haben das mehr oder weniger typische
Erscheinungsbild, wie es von der Epidermis bekannt ist und wurden als
makrophagocytoide Langerhanszellen bezeichnet. Die Kerne dieser Zellform
sind unregelméBig gekerbt und méiBig heterochromatinhaltig. 19,1% der Lan-
gerhanszellen besaBen auffillig groBe, runde euchromatische Kerne und ein
helleres Cytoplasma. Diese werden als retikuloide Langerhanszellen bezeich-
net. Etwa 20% der interepithelialen Zellen konnten weder Lymphocyten
noch Langerhanszellen zugeordnet werden. Es waren kleine bis mittelgrof3e
Zellen mit stark gekerbten ,,cerebriformen® heterochromatinreichen Kernen.
Diese sind den sog. Sézary-Zellen und Mycosis fungoides Zellen der epider-
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motropen T-Zell-Lymphome &dhnlich, deren lymphocytidre Natur gesichert
ist. Auch uns erscheint eine Entwicklung dieser Zellen aus Lymphocyten
im Epithel wahrscheinlich.

Weiterhin wird diskutiert, ob die cerebriformen Zellen Vorstufen der
Langerhanszellen darstellen. Eine solche Auffassung wird durch morpholo-
gische Zwischenstufen nahegelegt. Dies wiirde bedeuten, dall Langerhanszel-
len aus Lymphocyten entstehen, wobei die cerebriforme Zelle eine Zwischen-
stufe der Differenzierung darstellt. Moglicherweise spielt das mehrschichtige
Plattenepithel hierbei eine Rolle fiir diese Zelldifferenzierung und erklirt
die Epitheliotropie der Lymphocyten. Eine mégliche Identitit von Langer-
hanszellen und interdigitierenden Retikulumzellen der T-Zellareale der
Lymphknoten sowie eine enge funktionelle Kooperation von Langerhanszel-
len, Lymphocyten und interdigitierenden Reticulumzellen bei der immunolo-
gischen Abwehr externer Antigene werden diskutiert.

Introduction

Interepithelial (i.e. intraepithelial, intercellular!) cells have been described in
all epithelia of the internal and external surface of the mammalian body. Their
proportion in stratified squamous epithelium has been estimated to be 10%
(Sagebiel et al., 1971). An important function as a first immunological barrier
has been ascribed to interepithelial lymphocytes, which make up the majority
of interepithelial cells in monostratified epithelium (review: Otto, 1973). The
highest degree of penetration (“lymphoepitheliale Durchdringung’’) of epithe-
lium by lymphocytes is found in the “‘lympho-epithelial” tissues (Waldeyer’s
tonsillar ring, Peyer patches, thymus), and probably represents an effective
symbiosis of both tissues (Doerr, 1956, 1973).

Besides lymphoid cells, a second larger mononuclear cell type has been
observed in stratified squamous epithelium by light microscopy (Andrew, 1968:
epidermis; Rupec and Uhlarik, 1969: vaginal epithelium; Vakilzadeh et al.,,
1970: oral epithelium; Silberberg, 1973: epidermis). This cell type has been
designated a dendritic or histiocytic interepithelial cell. Most of these cells corre-
spond to Langerhans cells (Langerhans, 1868), which can be identified only
by special histochemical methods or by electron microscopy (Langerhans’gran-
ules). The Langerhans cell is also an immunologically important cell (Silberberg
et al., 1975; Shelley and Juhlin, 1976, 1978; Bos and Burkhardt, 1977, 1979).
Less frequently melanocytes, Merkel cells, mast cells and polymorphonuclear
granulocytes occur in stratified squamous epithelium, which assume no specific
immunological functions.

All interepithelial non-keratinocytes mentioned are also found in the oral

! For these non-keratinocytes within the epithelium the term intraepithelial and interepithelial

cells has been used. The latter has been favoured by us, because it implies that these cells are
situated intercellularly and clearly markes them as non-epithelial cell (epithelial cell ie. spinous
cells of course are also intraepithelial). For example an intraepithelial mitosis can refer to the
mitosis of an epithelial cell or a non-epithelial cell, while the term interepithelial mitosis clearly
refers to a mitotic non-epithelial cell within the epithelium.
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mucosa (overview: Squier et al., 1975; Burkhardt, 1979). However, their func-
tion, distribution, frequency and ultrastructural differentiation or classification
are as yet incompletely known.

The present investigation is an ultrastructural analysis of 3,025 interepithelial
cells of the murine oral mucosa.

Material and Methods

Animals. 50 male and female NMRI mice and athymic (nude) mice weighing 12.5to 33 g and
aged 3to 4 weeks (Zentralinstitut fiir Versuchstierzucht, Hannover) were used as experimental
animals. The mice were kept under different antigen exposure (germfree, specified pathogen-free,
conventional, oral candida albicans exposure). As there were no qualitative changes of the interepithe-
lial cell population in the different groups of animals, we combined the findings of all groups
for this qualitative study. The gquantitative differences will be considered in separate publications
(Bos and Burkhardt, 1979; Burkhardt et al., 1979).

Animals were killed by decapitation in anaesthesia (Valium®, Roche, 2,5mg i.p.; Ketanest®,
Parke Davies, 5mg i.m.)

Light Microscopy. Tongue, cheek and lip were fixed in formalin, embedded in paraffin and 3 p
thin sections stained with H.E., Giemsa, PAS, methyl green-pyronin (Lillie, 1965). Activity of
naphthol-AS-D-chloroacetatesterase was demonstrated according to Lillie (1965). Immunoglobulins
(A, G, M) were identified by the indirect immuno-peroxidase technique (Taylor, 1974; Loning
et al., 1977).

Electron Microscopy. Specimens of tongue, cheek and lip oral mucosa were taken under anaesthesia,
immersed in fixation fluid and immediatly cut into small cubes with sides 1 mm in length. Further
preparation was performed according to Dalton (1955) and Luft (1971a, b). Ruthenium red impreg-
nation was chosen for better visualisation of the cell membranes. After dehydration in ascending
alcohol concentrations, embedding was done in Epon 812. Semithin sections were stained with
toluidine blue. The ultrathin sections were contrasted with alcoholic uranyl acetate. Electron micro-
scopy was performed with a Zeiss electron microscope EM 9 S-2. All interepithelial cells were
documented photographically. Analysis and classification were done by two authors independently.

Results

Light microscopy did not permit reliable differentiation or classification of
interepithelial cells. Only mononuclear cells could be distinguished from poly-
morphonuclear granulocytes. By electron microscopy 3,025 mononuclear in-
terepithelial cells were documented and analysed. These were mainly lympho-
cytes and Langerhans cells. As in all other epithelia, interepithelial lymphocytes
(Fig. 1) occur in the oral mucosa. 22.8% of the total number of interepithelial
cells can be classified as typical small lymphocytes. Like circulating lymphocytes
they are characterized by a small compact rounded nucleus and scanty cytoplasm
with few organelles. However, only about half of them show a smooth circular
nucleus (Fig. 1a), the nuclei of the rest are more or less crenated and indented
(Fig. 1b). In a larger number of cells these indentations were so deep and
multiple that a classification as simple lymphocytes did not seem justified (see
below).

As a second group of non-keratinocytes, the dendritic Langerhans cells
(Figs. 2-4) can be differentiated. Two difterent types can be observed. Cells



Fig. 1a and b. Interepithelial lymphocytes of the murine oral mucosa. a Basally localized lymphocyte
with rounded nucleus. The cell is separated from the connective tissue (C7) by cytoplasmatic
processes of the adjacent keratinocytes (K). A small uropod (arrow) formed by the lymphocyte
and a trailing ““tail” (asterix) are both signs of active locomotion. Buccal mucosa. x 12,000.
b Lymphocyte with deeply indented nucleus and prominent heterochromatin in basal position.
Mucosa of the lip. x 12,000



Fig. 2a and b. Langerhans cells of the macrophagocytoid type. a Large interepithelial cell with
irregular, indented, and moderately heterochromatic nucleus (N). The abundant cytoplasm shows
dendritic ramification and contains a few primary lysosomes (Lys). Near the nucleus a Langerhans’
granule can be seen (frame). Buccal mucosa. % 10,900. b Detail with Langerhans® granulum (arrow).
Note the internal lamellation. N, nucleus, M mitochondrium. x 61,000
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Fig. 3a and b. Langerhans cell of the reticuloid type. a Interepithelial cell with a large rounded
euchromatic nucleus {N) and dendritic cytoplasmic process (De). Near the nucleus numerous Langer-
hans’ granules (La) are found. The adjacent keratinocytes show typical desmosomal connections,
which are lacking on the cell surfaces toward the Langerhans cell. Mucosa of the tongue. x 12,000.
b Detail with several typical lamellated Langerhans granules. N, nucleus. x 63,000



Fig.4a and b. Interepithelial Langerhans cells without Langerhans’ granules in the plane of section.
a Large cell with dendritic cytoplasm corresponding to the macrophagocytoid type of Langerhans
cell. The nucleus (V) is indented and moderately heterochromatic, the cytoplasm contains numerous
lysosomes. Buccal mucosa. x 6,500. b Large cell with electrolucent, moderately dendritic cytoplasm
corresponding to the reticuloid type of Langerhans cell. Spherical and euchromatic nucleus, orga-
nelle-rich cytoplasm. Buccal mucosa. x 12,000



Fig. 5a-d. Small and medium sized cerebriform interepithelial cells of the murine oral mucosa.
a and b Small interepithelial cells similar to lymphocytes with prominent heterochromatin and
deeply indented nuclei. Buccal mucosa. x12,000. ¢ and d Medium sized interepithelial cells with
deeply indented cerebriform heterochromatic nuclei and little electron-dense cytoplasm with few
organelles. Buccal mucosa. x 12,000



Fig. 6a and b. Large cerebriform interepithelial cells and possible transitional forms to Langerhans
cells. a Larger cell with irregular deeply indented heterochromatic nucleus and increased, moderately
dendritic cytoplasm. The cytoplasm contains numerous large mitochondria and few small lysosomes.
Buccal mucosa. x12,000. b Similar cell with a larger, less heterochromatic nucleus. This cell

possibly represents a transitional form between cerebriform cells and Langerhans cells. Buccal
mucosa. x 12,000
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with a moderately heterochromatic, irregular, indented nucleus and abundant
dendritic cytoplasm were termed ““ macrophagocytoid Langerhans cells” (Figs. 2,
4a). A second type is characterized by a rounded, smooth euchromatic nucleus
and also abundant dendritic, very light cytoplasm. This type was termed “‘reticu-
loid Langerhans cells” (Figs. 3, 4b) with reference to Honma (1976), who found
similar cells in lesions of aphthous stomatitis.

Reticuloid and macrophagocytoid Langerhans cells can contain lysosomes.
Both types occur with and without the characteristic Langerhans or Birbeck
granules (Birbeck etal., 1961). The Langerhans cells constitute 56.8% of the
mononuclear interepithelial cells; 80.9% of these are macrophagocytoid and
19.1% reticuloid Langerhans cells.

Apart from these two known cell groups — lymphocytes and Langerhans
cells — a residue of about 20% interepithelial cells did not seem to be classifiable
at first. These are the cells with deeply indented nuclei and prominent marginated
heterochromatin mentioned above (Figs. 5, 6). Some of these cells were small
and similar to lymphocytes (Fig. 5) while others were larger with increased
cytoplasm and less heterochromatic nuclei (FFig. 6).

In addition to lymphocytes, Langerhans cells, and these cells with ““cerebri-
form” nuclei, only a very few Merkel cells were observed in the epithelium.
Melanocytes, which are sometimes difficult to differentiate from the similarly
dendritic Langerhans cells, are not regular constituents of the oral mucosa
of mice (Dummet and Barens, 1978). Mast cells, which can occasionally be
localized inside the epithelium (Carranza and Cabrini, 1955), were not observed
in the mice we studied. Under normal conditions macrophages and plasma
cells are only found subepithelially. Accordingly, cells with a positive marking
for immunoglobulins, pyroninophil cells or mononuclear cells with naphthol-AS-
D-chloroacetatesterase activity (a marker of macrophages, mast cells and granu-
locytes: Leder, 1967; Schéfer et al., 1970) are not situated inside the epithelium.
Likewise plasma cells or cells with phagolysosomes are not found in an interepi-
thelial location. Only occasionally did a cytoplasmic process of a macrophage
extend through the basal membrane into the epithelium.

Discussion

With the exception of plasma cells and monocytogenic macrophages, some
inflammatory cells are always found in the normal oral epithelium. In addition,
a few neuroectodermal cells can be observed, in mice these are almost exclusively
Merkel cells (Table 1). The mononuclear interepithelial cells — especially lympho-
cytes and Langerhans cells — proved to be an integral part of the oral mucosa
independent of antigenic stimulation, in germfree and specific pathogen free
mice a mean of 7.4 cells per 1,000 basal cells is found (Bos and Burkhardt,
1977, 1979).

Weinmann (1940) and Cattoni (1951) were the first who paid attention
to the interepithelial lymphocytes of the oral mucosa. Cattoni (1951) studied
the lymphocytes in the gingival epithelium and stressed the fact that they are
situated intercellularly and are a regular part of the epithelium. In some electron
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Table 1. Classification of interepithelial cells of the oral mucosa

A. Burkhardt et al.

Origin Type of cell Function Morphological characteristics
Neuro- Melanocytes Formation of pigment Melanosomes,
ectoderm : premelanosomes
Merkel cells Neurohumoral Merkel cell granules,
transmitter cell apposition to neurites
Mesenchyme  Lymphocytes Immunological defense, Little cytoplasm

Cerebriform cells

Langerhans cells

recognition of antigen,
precursors of
Langerhans cells?

Precursors of
Langerhans cells?

Recognition and con-
centration of antigen,
Cooperation with

lymphocytes
in immune response

with few organelles,
heterochromatic nuclei

Cerebriform, strongly
heterochromatic nuclei

Dendritic ramification,
primary lysosomes,
Langerhans (Birbeck)
granules

— Macrophagocytoid Indented moderately
- heterochromatic nuclei,
dense cytoplasm
— Reticuloid Spherical euchromatic
nuclei, light cytoplasm
Neutrophilic Microphagocytosis Neutrophilic granula
granulocytes
Eosinophilic Participation in Eosinophilic granula
granulocytes immunological processes
(phagocytosis of
immunocomplexes)
Mast cells Secretion of mediators Mast cell granules

of inflammation
(e.g. histamine,
serotonin)

microscopic investigations of the normal oral mucosa, interepithelial lympho-
cytes or “clear cells” were described without further comment (Listgarten,
1964 ; Hashimoto et al., 1966; Thilander and Bloom, 1968).

Interepithelial lymphocytes have also been found in a number of pathological
conditions (gingivitis: Freedman etal., 1968; Schroeder, 1973; Holthuis etal.,,
1975, 1977; aphthous stomatitis: Lehner, 1969; Saito et al., 1971; Honma, 1976;
lichen planus: Tyldesley and Appleton, 1973; Barnett, 1976; psoriasis: Fischman
et al., 1977; erythema multiforme exudativum: von Bilow et al., 1966). In con-
trast Schroeder and Theilade (1966), Gavin (1970), Hutchens et al. (1971), Lange
and Schroeder (1971) and Sagebiel et al. (1971) do not mention interepithelial
lymphocytes in normal oral mucosa or in gingivitis. Holthuis et al. (1975, 1977)
described two forms of interepithelial lymphocytes — an inactive, resting form
(oval shape, indented and heterochromatic nuclei, abundant free ribosomes)
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and an intermediate form (larger, less heterochromatic nuclei, increased endo-
plasmatic reticulum) as a consequence of antigenic stimulation. They postulate
a transformation into actively antibody synthesizing cells. Similar forms of
lymphocytes have been described by Barnett (1976) in lichen planus, and by
Saito et al. (1971) and Honma (1976) in the Behget syndrome and recurrent
aphthous stomatitis. However, typical mature plasma cells do not occur inside
the epithelium. In mice interepithelial lymphocytes are an integral part of the
oral mucosa and make up 22.8% of the interepithelial mononuclear cell popula-
tion. Lymphocytes with rounded and with indented (“‘cleaved”) nuclei can be
differentiated.

In lymph node cytology rounded lymphocytes are considered to be T-cells
and cleaved lymphocytes are thought to belong to the B-cell series. It seems
questionable whether this distinction can be applied to interepithelial lympho-
cytes. Similarly it cannot be decided whether the rounded and cleaved lympho-
cytes are different cell populations, or whether they represent steps of differentia-
tion.

Langerhans cells are found in all homo- and heterotopic multistratified squa-
mous epithelium (Thiery and Wildhagen, 1969). Their origin is not clear. They
have been thought to derive from or to be related to neural cells, melanocytes,
keratinocytes, histiocytes or macrophages (Langerhans, 1868; Breathnach and
Goodwin, 1965; Breathnach, 1963; Reams and Tompkins, 1973; Basset and
Turiaf, 1965; Riley, 1974). The Langerhans or Birbeck granule is considered
to be the identification mark of these cells. However its origin, significance
and function are completely unknown (cp. Breathnach, 1964; Zelickson, 1966;
Hashimoto, 1971; Reams and Tompkins, 1973). On the basis of experimental
observations on lymph node reticulum cells containing such granules, Kamper-
dijk et al. (1978) suggest that these granules are immunologically specific or-
ganelles associated with the induction of a primary humoral response. The
specifictiy of the Langerhans granule as an identification mark of Langerhans
cells has been questioned (Wolff, 1972; Bock, 1973; Reams and Tompkins,
1973; Kamperdijk et al., 1978), especially since these granules are also found
in other cell species like the atypical histiocytes in histiocytosis X (Basset and
Turiaf, 1965; Shamoto et al., 1976} and even keratinocytes (Bock and Hanak,
1971; Bell, 1969). Most of the *“unspecific dendritic cells” (Snell, 1965; Zelickson
and Mottaz, 1968; Hutchens et al., 1971; Sagebiel et al., 1971; Squier et al.,
1975) must thus be considered to be Langerhans cells (Béck, 1974; Reams
and Tompkins, 1973).

The occurrence of Langerhans cells in the oral mucosa has been well do-
cumented (Schroeder and Theilade, 1966 ; Waterhouse and Squier, 1967; Hashi-
moto et al., 1968; Hutchens et al., 1971; Méusle et al., 1971; Schenk, 1975).
However, no systematic investigation on their frequency, distribution and differ-
entiation has been undertaken. Saito et al. (1971) distinguished 3 types of “mac-
rophages” in the epithelium of oral lesions in the Behget syndrome: macrophages
I with abundant cytoplasm, frequently in contact with degenerating keratino-
cytes, macrophages II with fewer organelles, frequently in contact with lympho-
cytes and macrophages I1I, the typical Langerhans cells. Probably all three
cell types are different froms of Langerhans cells. Honma (1976) described
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two types of “reticuloid” cells in lesions of recurrent aphthous stomatitis, which
he delineates from the reticolum cells of lymph nodes. Type 1 has few organelles
and rounded nuclei without heterochromatin, type 2 has more endoplasmatic
reticulum and slightly indented nuclei with little heterochromatin.

Langerhans cells are found regularly in the murine oral mucosa and make
up 56.8% of the total mononuclear interepithelial cell population. 80.9% of
these have the more or less typical appearence of the Langerhans cells known
from the epidermis. This “macrophagocytoid” Langerhans cell has a characteris-
tically irregular indented, moderately heterochromatic nucleus. 19.1% of the
Langerhans cells exhibit a spherical euchromatic nucleus and an electron lucent
cytoplasm. They are similar to the ““reticuloid” cells described by Honma (1976).

Apart from lymphocytes and Langerhans cells we were able to differentiate
a third mononuclear interepithelial cell type. These were cells of the size of
lymphocytes, or a little larger, with deeply indented and folded nuclei and
marginated dense heterochromatin. These cells have previously been illustrated
in various lesions of the oral mucosa (leukoplakia, psoriasis, erythema multi-
forme exudativum) by a few authors (von Biilow et al., 1966; Hashimoto et al.,
1968; Fischman et al., 1977). They have been termed ““intraepithelial mononu-
clear cells, probably small lymphocytes” (Fischman et al., 1977) or ‘“rather
dense cells which appear to be histiocytes” (Hashimoto et al., 1968).

Some authors described similar cells in the epidermis and called them “dark
Langerhans cells” (Ebner and Niebauer, 1967), type 2 Langerhans cells with
few Langerhans granules (Breathnach, 1977), a-dendritic cells with a possible
delineation from melanocytes (Mishima and Matsunaka, 1976) or simply “non-
keratinocytes”” (Breathnach and Goodwin, 1965). Apparently they are less fre-
quent in epidermis than in oral epithelium.

Looked at more closely, these cells correspond to the so-called cerebriform
mononuclear cells (CMC) or Sézary cells found in the infiltrate of cutancous
T-cell lymphomas (Sézary syndrome, mycosis fungoides), first described by Sé-
zary and Bouvrain (1938) as “monsterous cells”. In particular the configuration
of the nucleus with deep infoldings and indentations is identical (cp. Brownlee
and Murad, 1971). These cells were thought to be histio-monocytic (Sézary
and Bouvrain, 1938), atypical histiocytes or reticulum cells (Sézary, 1949; Fisher
et al., 1972).

Crossen et al. (1971) demonstrated that these cells could be stimulated by
phytohaemagglutinins and today there is no doubt that the cerebriform cell
is lymphocytic in origin (Labaze et al., 1972; Lutzner et al,, 1973; Flandrin
and Brouet, 1974; Lutzner et al., 1975; van Leeuwen et al., 1975; Yeckley et al.,
1975; Broder et al., 1976; Hamburg et al., 1976; Robinowitz et al., 1976; Row-
den and Lewis, 1976; van Leeuwen et al., 1976; Meijer et al., 1977; Burg et al.,
1978; Worman et al., 1978).

Investigations on the cell membrane determinants of cerebriform cells (Ta-
ble 2) indicate a T-cell nature, as the majority of the cells have typical receptors
for uncoated sheep red blood cells (Broome et al., 1973; Brouet et al., 1973;
Edelson et al., 1974a, b; Zucker-Franklin et al., 1974; van Lecuwen et al., 1976;
Gupta et al., 1978; Worman et al., 1978; Chu and MacDonald, 1979). They
also occur in healthy subjects in lymph nodes, spleen, blood, tissue culture
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Table 2. Synopsis of membrane receptors of lymphocytes, cerebriform cells, Langerhans cells and
macrophages (the data are based on authors cited in the text)

T-lympho-  B-lympho-  Cerebriform Langerhans Macro-

cyte cyte cell cell phage
E-rosette formation + — + - _
theta-antigen (mouse) -+ — ? ? —
B-cell-alloantigen - + ? + +
Ta-antigen (mouse) -+ + ? + +
Fe-receptors + - + (+)
C3-receptors - + - + (+)
Easily accessible — -+ — — —

surface immunoglobulins

of epidermis and in various dermatoses (Flaxman et al., 1971, 1974; Lutzner
et al., 1971; Ebner, 1973; Yeckley et al., 1975; Rosas-Uribe et al., 1974; Ham-
burg et al., 1976; Orbanea et al., 1976; van Leeuwen et al., 1976; Meyer et al.,
1977). Their function or further fate is so far not known. They do not seem
to be degenerated end products but rather transitional forms.

We have demonstrated that this cell is regularly found in the epithelium
of the oral mucosa of mice and makes up about 20% of the total non-keratino-
cyte population. They occur in euthymic and in athymic mice (Burkhardt et al.,
1979). This would mean that they are mostly not mature T-lymphocytes. From
our observations a lymphocytic origin also seems to be probable as there are
numerous transitional forms and the decision to call a particular cell a deeply
indented lymphocyte or small cerebriform cell was often arbitrary. Apart from
small cerebriform cells, larger cells of this type were observed. These had less
heterochromatic nuclei and increased cytoplasm. Here again a differentiation
from macrophagocytoid Langerhans cells was often impossible. Both cells —
cerebriform cells and Langerhans cells — increase in number subsequent to
exposure of the oral mucosa to antigens (Bos and Burkhardt, 1979). This may
indicate a development of the Langerhans cells from cerebriform cells. Breath-
nach (1977) also considered the Langerhans cell type 2 — which appears to
be similar to the cerebriform cell — to be a precursor of the typical Langerhans
cell (type 1). On the other hand Ryan et al. (1973) suggested the formation
of cerebriform cells in mycosis fungoides from Langerhans cells, before their
lymphocytic origin was proved. In the skin both cells are often found in close
contact (Meijer, 1979). Our thesis would further mean that Langerhans cells
are possibly differentiation products of lymphocytes, the cerebriform cells being
an intermediary step (Fig. 7).

A lymphocytic nature of Langerhans cells was first suspected by Ranvier
(1875). Al Yassin and Toner (1976) stressed the similarity of stimulated lympho-
cytes and Langerhans cells. Recently Gerneke (1977) suggested, on the grounds
of similar functions of lymphocytes and Langerhans cells, that the latter be
called “epithelial lymphocytes”. However, he did not give evidence for an
actual cytogenetic relation of both cells. If Langerhans cells originate from
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Fig. 7. Schematic synopsis of the different interepithelial cell populations and possible cytogenetic
evolution: lymphocyte with rounded nucleus (1), lymphocytes with indented nuclei (2, 3), cerebriform
cells (4, 5), possible transitional form (6), macrophagocytoid Langerhans cell (7) and reticuloid
Langerhans cell (8)

circulating lymphocytes, the ubiquitous occurrence of lymphocytes conld easily
explain the appearance of Langerhans cells in metaplastic squamous epithelium
without contact with pre-existing squamous epithelium. The only evidence
against a lymphocytic nature of Langerhans cells was presented by Reams
and Greco (1969) who observed no labelling of Langerhans cells by antilympho-
cyte serum, However, their paper leaves many methodological questions un-
answered.

Of course the proposal of a cellular line of evolution on purely morphological
grounds is very problematical. However, the high number of cells which were
classified seems to justify such a discussion. If we consider the surface markers
of lymphocytes, cerebriform cells and Langerhans cells that are known to date
(Table 2), one can see that Langerhans cells have characteristics in common
with T- and B-lymphocytes, but also with macrophages. They feature a specific
combination of these receptors typical of immunologically important cells (Stingl
et al, 1977a, b, 19784, b,c). A lymphocytic as well as a macrophagocytic origin
is therefore compatible with the evidence presented. On the basis of these obser-
vations and functional similarities to macrophages Stingl and his colleagues
(1978¢, d) and Hunziker and Winkelmann (1978) favour a macrophagocytic
nature for Langerhans cells. Stingl et al. (1978, d) stress the fact that Langerhans
cells express neither E-receptors nor surface immunoglobulins. According to
their investigations in guinea pigs I a antigens are *“selectively expressed on
lymphoid cells” and by 15-25% of peritoneal exudate macrophages but “in
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the epidermis Langerhans cells are the only cell subpopulation to express 1
a antigens” (cp. Klareskog et al., 1977).

Furthermore it is not clear why interepithelial lymphocytes of the epidermis
are not demonstrated by the studies on cell surface markers in epidermal cells.

The minimal phagocytic activity of Langerhans cells (Winkelmann, 1969;
Wolff and Schreiner, 1970; Sagebiel, 1972), the lack of secondary lysosomes
and the enzymatic activities do not favour the concept that they are a part
of the mononuclear phagocyte system (MPS; van Furth et al., 1972; van Furth,
1976), which is derived from circulating blood monocytes. On the other hand
there are strong morphological and functional similarities between interdigitating
reticulum cells (IDC; Kaiserling and Lennert, 1974) of the T-cell area of lymph
nodes and Langerhans cells (Rausch et al., 1977; Kamperdijk et al., 1978; cp.
Goos et al., 1976). Both cells show activity of ATPase and lack phagosomes
(Lennert and Miiller-Hermelink, 1975; Kaiserling, 1977). Cells with Langerhans’
granules occur in lymph nodes (Kondo, 1969) and are found in close association
with IDC (Rausch et al., 1977) or are identical with interdigitating reticulum
cells (Kamperdijk et al., 1978). Interestingly cerebriform cells also home specif-
ically in thymus-dependent areas of lymph nodes and are often found next
to interdigitating reticulum cells (van Leeuwen et al., 1976; Meijer, 1979). How-
ever, the origin and classification of IDC’s is just as uncertain as that of Langer-
hans cells. Some authors classify them as non-phagocytic reticular cells (Kaiser-
ling and Lennert, 1974; Kaiserling, 1977; Rausch et al., 1977) while others
regard them as a special type of macrophage (Kamperdijk et al., 1978). But
this latter theory again rests mainly on their similarity to Langerhans cells.

From the data presented one could speculate that Langerhans cells are
an additional line of differentiation of lymphocytes which matures in the mic-
roenvironment of squamous epithelium (ecotaxis), the cerebriform cell being
an intermediary form. This could account in part for the epitheliotropy of
lymphocytes which has been known for a long time (cp. Doerr, 1956, 1973;
Otto, 1973 ; Rappaport and Thomas, 1974). In close cooperation with T-lympho-
cytes they are responsible for the recognition of antigens and their defense
on the external and on parts of the internal body surface. In this process
they can populate the T-cell region of lymph nodes.

In this metaphorical sense, the theory of Fichtelius and his colleagues (1969,
1970), who postulated that the whole gastrointestinal tract and the epidermis
function as a primary lymphoid organ, may be justified (cf. Bos and Burkhardt,
1977, 1979).

The authors wish to express their sincere appreciation to Miss P. Starck and Miss 1. Brandt
for invaluable technical assistance in this project.
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