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INTRODUCTION

The Langerhans cell, first identified by histological techniques in the upper layers
of the epidermis, is now best characterized electron microscopically by reason of the
presence of distinctive cytoplasmic inclusions and by the absence of epithelial
adhesion specializations and tonofilaments. Cells of this type have now been identi-
fied in various squamous epithelia, including skin (Birbeck, Breathnach & Everall,
1961; Zelickson, 1965), buccal mucosa (Waterhouse & Squire, 1967), the female
genital tract (Younes, Robertson & Bencosme, 1968) the sheep rumen (Gemmell,
1973) and the upper alimentary tract of the mouse (Bock, 1974). Speculations as to
the nature and function of Langerhans cells remains unresolved, although the earlier
view that they were effete melanocytes (Masson, 1926, 1951) has now largely
been discounted. This paper reports the occurrence of morphologically typical Langer-
hans cells in the normal human oesophagus and draws comparisons with the
intra-epithelial lymphocyte.

MATERIALS AND METHODS

Ten specimens of normal human oesophageal mucosa were obtained from oeso-
phageal biopsies and resections undertaken in the course of the diagnosis and treat-
ment of various conditions. For electron microscopy, blocks from 0 5 to 1 mm in
diameter were fixed in glutaraldehyde in phosphate buffer (pH 7 2) at 4 °C for 4-6
hours, washed in buffer, post-fixed in 1 %/ osmium tetroxide, dehydrated in ethanol
and embedded in Epon. Tissues were also taken for diagnostic histopathology and
were prepared for light microscopy by conventional methods. Sections 1 ,um in
thickness from the Epon blocks were examined to confirm tissue identity and orienta-
tion, and ultrathin sections were then cut from selected areas using the LKB Ultra-
tome III. Thin sections were stained with uranyl acetate and lead citrate and were
examined in the Philips EM 200 and EM 301 electron microscopes.

OBSERVATIONS

The oesophageal clear cells, which we have identified as Langerhans cells (Fig. 1),
are found in the middle and superficial layers of the normal squamous mucosa and
do not occur in the basal layer or beneath the basal lamina. They are often irregular
in outline (Fig. 6) with cytoplasmic protrusions which extend out from the perikaryon
between the surrounding squamous cells. As a result of this dendritic pattern not all
sections pass through the perikaryon. In some fields the Langerhans cell is repre-
sented only by a small cytoplasmic island interpolated between the epithelial cells.

28 ANA 122



436

4k ~ ~

'~~~~~~~~~~. I~ ~ ~~~~~~~~~4

L~VT

g '4 )~".-4
-~~~~~~~~~~~~~~4 .

T. M. AL YASSIN AND P. G. TONER

9-

K.\.



Langerhans cells in oesophagus 437
The relative pallor of the Langerhans cell cytoplasm is in contrast with the adjacent

squamous cells. Langerhans cells are further distinguished (Fig. 1) by the complete
absence of the desmosomes and tonofilaments which are a prominent feature of the
normal squamous mucosa. Their cytoplasm (Figs. 2, 3) contains moderate numbers
of free ribosomes, profiles of granular endoplasmic reticulum, a well developed Golgi
apparatus with lamellae and vacuoles, often with a related contriole, and a few
mitochondria, without particular structural distinction. The nucleus is irregular in
contour, often with deep invaginations, and may contain one or, rarely, two nucleoli.
However, not all Langerhans cells correspond to this pattern. We have observed cells
such as that shown in Figure 7, which has typical Langerhans granules, but with
much less elaborate cytoplasmic organization. It is, of course, difficult to exclude the
possibility that such variations are simply the consequence of selection of different
planes of section through different cells.
The single most distinctive feature of these cells is the typical Langerhans granule

(Figs. 2, 3, 4), a rod-shaped inclusion up to 460 nm in length. A median section of a
Langerhans cell in the oseophagus may display many of these granules. They have a
characteristic linear laminated internal structure and in slightly tangential sections
show an apparent periodic substructure. On occasion the rod-shaped Langerhans
granule is seen to connect directly with the cell membrane (Fig. 5). Some granules
have a rounded expansion at one end, measuring up to 150 nm in diameter (Fig. 2).
These are the distinctive 'tennis racket' structures which are described in the epider-
mal Langerhans cell. In addition to these organelles there are moderate numbers of
membrane-limited electron-dense bodies, possibly of lysosomal nature (Fig. 1).
A second clear cell found in the human oesophagus is the typical intra-epithelial

lymphocyte (Fig. 8) which is similar in appearance to that found in the intestine
(Toner & Ferguson, 1971). Like Langerhans cells these lymphocytes lack tono-
filaments and desmosomes, but they differ from typical Langerhans cells in several
respects. They do not have the characteristic Langerhans granules, their cytoplasmic
organelles are, in general, less well organized, and their nuclear morphology tends to
differ from that of the Langerhans cell in having a more prominent heterochromatin
component. Nevertheless, it remains difficult in some cases to make a firm distinction
on the basis of morphology between lymphocytes and Langerhans cells. Some cells
containing unequivocal Langerhans granules (Figs. 7, 10) are in most other re-
spects indistinguishable from lymphocytes (Fig. 8). Perhaps some of the cells we
identify as lymphocytes (Fig. 9) are in fact Langerhans cells, their granules happening
by chance not to be in the plane of section. There is no doubt that the well differ-
entiated Langerhans cell (Fig. 1) and the typical lymphocyte (Fig. 8) are readily
separable, but the borderline between the less classical examples of the these two cell
types is at best indistinct. We did not identify any cells of melanocytic type in this
study, despite a careful search for inclusions resembling pre-melanosomes.

All illustrations are from human oesophageal mucosa.
Fig. 1. A typical Langerhans cell in the human oesophageal mucosa. Desmosomes are seen
between adjacent squamous cells but not between the Langerhans cell and its neighbours. The
features of this cell include a centriole (C), Golgi complex (G), granular endoplasmic reticulum
(ER), and various dense inclusions which resemble lysosomes. The typical Langerhans granules
are just detectable at this magnification (arrows).
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Fig. 2. Higher magnification micrograph of the centriolar region from the cell shown in Fig. 1.
The Golgi complex (G) has numerous associated vesicles (V). The mitochondria (M), are un-
distinguished. Several Langerhans granules are present (arrows).
Fig. 3. This micrograph is of a deeper plane of section from the area shown in Fig. 2. Notice the
variations in the disposition and shape of the Langerhans granules (arrowed). Some show the
terminal vacuolar dilatations which give rise to 'tennis racket' structures.

DISCUSSION

The Langerhans cells of the human oesophagus as described above are morpho-
logically identical to those previously reported in the epidermis (Birbeck et al. 1961;
Zelickson, 1965) and in the squamous mucosa of the cervix (Younes et al. 1968). We
know of no report of such intra-epithelial Langerhans cells being located in other
than stratified squamous epithelium. The original view of Masson (1926, 1951) that
the Langerhans cell represents an effete melanocyte has already been discredited by
the observation that the Langerhans cells develop normally in animals experimentally
deprived of the neural crest, from which the melanocytes are known to be derived
(Breathnach, Silvers, Smith & Heyner, 1968). The absence of any identifiable melano-
cytes in the specimens of oesophagus which we have studied is perhaps circumstantial
evidence in support of this experimental study. There is, in any case, little ultra-
structural relationship between the Langerhans granule and the pre-melanosome or
melanin granule.
The relatively common topographical relationship between the Langerhans granule

and the Golgi apparatus has encouraged the view that this might be the site of its
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Fig. 4. High magnification micrograph of Langerhans cell granules, showing their characteristic
internal structures.
Fig. 5. Part ofa rather poorly differentiated Langerhans cell, showing the continuity of the charac-
teristic granule (arrow) with the cell surface, suggesting an origin by invagination. The desmo-
some seen links adjacent squamous cells.

origin or synthesis (Breathnach, 1964; Niebauer, Krawczyk, Kidd & Willigram,
1969), the subsequent discharge of the granule being indicated by its commonly
observed continuity with the cell surface. Equally persuasive, however, is the view
that the granules form at the cell surface by a process of endocytosis (Hashimoto,
1971) akin to the specialized kind of micropinocytosis which is seen in macrophages,
although tracer studies have so far failed to support an active phagocytic role (Wolff
& Schreiner, 1970; Sagebiel, 1972).
Perhaps the most interesting of recent findings are reports of the identification of

typical Langerhans granules in cells far removed from an epithelial location. Cells of
Langerhans type have been described, for example, in a lymphatic vessel (Silberberg,
Baer & Rosenthal, 1974); in lymph nodes, both human (Vernon et al. 1973; Shamoto,
Kaplan & Katch, 1971) and rabbit (Konodo, 1969); and in the dermis (Kiistala &
Mustakallio, 1968). Moreover, many reports have been published of typical Langer-
hans granules in the cells of histiocytic lesions (Tarnowski & Hashimoto, 1967;
Hashimoto & Tarnowski, 1968; Watson & Swedo, 1968; Gianotti & Caputo, 1969;
Morales, Fine, Horn & Watson, 1969; Imamura & Muroya, 1971; Hashimoto &
Pritzker, 1973).
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Fig. 6. The typical Langerhans cell granules are barely seen (arrow) at this low magnification,
which serves, however, to emphasize the dendritic nature of the cell. There are several processes
(P), which lie separate from the perikaryon in this plane of section.

Fig. 7. A relatively poorly differentiated Langerhans cell with a single mitochondrial profile and
little cytoplasmic organization. Two typical Langerhans granules are present (arrows).
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Fig. 8. A typical intraepithelial lymphocyte from the oesophageal mucosa, showing the characteristic
lack of cytoplasmic organization. Two mitochondria (M) are the only formed structures.

Fig. 9. In the absence of Langerhans granules the identity of this cell cannot be confidently established
as either lymphocyte or Langerhans cell. The deep clefting of the nucleus might support the latter.
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Langerhans cells in oesophagus
These reports provide us with reasons for considering a 'mesenchymal' origin and

function for the intraepithelial Langerhans cell. For example, a possible 'epidermo-
clast' role has been proposed by Prunieras (1969), along with the suggestion that the
Langerhans cell might have a role in the capture of antigenic material in the skin.
The observation by Silberberg (1973) of the juxtaposition of Langerhans cells and
mononuclear cells at sites of contact-allergic reactions was taken by him to support
such a role. The mononuclear branching cells of the sheep forestomach (Steven &
Marshall, 1972), although not formally identified as Langerhans cells, were thought
to serve a similar purpose. The ability of Langerhans cells to incorporate labelled
thymidine (Giacometti & Montagna, 1967) and to divide within the epithelium suggests
that they may well be more than transient migrants. Their behaviour recalls the
similar proliferative capacity of the intra-epithelial lymphocyte of the intestinal tract.

This leads us to consider a further suggestion as to the origin of the intra-epithelial
Langerhans cell. Billingham & Silvers (1965) have proposed the lymphocyte as a
potential relative of the Langerhans cell. We have been impressed by the difficulty
of distinguishing consistently between the simple intra-epithelial lymphocytes of the
oesophagus, and the less well developed members of the Langerhans cell population.
Some cells would certainly have qualified as lymphocytes, had we not seen a single
typical Langerhans granule within the otherwise featureless cytoplasm. On this purely
structural basis it seems possible that the Langerhans cell might be derived from the
intra-epithelial lymphocyte. The regular occurrence of intra-epithelial lymphocytes
in skin, oesophagus and other epithelia in which Langerhans cells are also present
provides encouragement for this view, which has the merit of simplicity. However, it
must be remembered that lymphocytes are virtually universal inhabitants of epithelial
surfaces of all kinds, whereas the distinctive Langerhans specialization seems to be
confined to stratified squamous surfaces.

Before leaving the histogenesis of the Langerhans cell we must mention the work
of Reams (1973) which goes against the growing body of opinion in favour of a
mesenchymal origin: his experiments suggest that the epidermal Langerhans cell in
the mouse is of purely ectodermal origin.

Perhaps the 'Langerhans cells' which have been described in various situations
in health and disease do not represent a single homogeneous population with a
common histogenetic origin. Cells which exhibit a particular ultrastructural
specialization do not necessarily have a common origin or identity. It may
be that the Langerhans granule is a non-specific cellular inclusion derived from
an activity shared by a variety of cells, normal and neoplastic, epithelial and
mesenchymal, just as simple micropinocytotic vesicles or caveolae may be seen in
sites as diverse as smooth muscle, endothelium, serosal mesothelium and some
epithelial cells. Nevertheless, until this negative 'non-specific' hypothesis can be
more fully substantiated, the Langerhans granule will remain as circumstantial
evidence of a close relationship between those cells in which it is known to occur,

Fig. 10. The cleft nucleus is suggestive of a Langerhans cell. Careful examination of the narrow
strip of cytoplasm between the nuclear profiles reveals two short Langerhans granules (arrows),
sufficient to confirm its identity. Without these there are no specific features by which the cell can
be distinguished from a lymphocyte. Perhaps the only difference between the cells shown in this
and the preceding figure is the chance factor of the plane of section.
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particularly those which are in association with squamous cells. One can only
speculate about the role of this curious population of presumptive mesenchymal
visitors in squamous epithelium.

SUMMARY

The dendritic cells of Langerhans, first identified in the epidermis, have now been
observed in the middle and superficial layers of the normal human oesophageal
mucosa. They exhibit typical Langerhans granules, but no desmosomes and tono-
filaments. They often have irregular indented nuclei, with a relatively pale cytoplasm
contrasting with that of the adjacent squamous cells. These cells are sometimes
difficult to distinguish from intra-epithelial lymphocytes, which are also encountered
in the oesophageal mucosa and which share certain ultrastructural characteristics
with Langerhans cells.
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