
SUMMARY

Dendritic cells have been demonstrated in
human and animal epithelium and subepithelial
tissue. The present study used zinc iodide-osmi-
um, which revealed dendritic cells in the
epithelium and subepithelial tissue of tongue
and oesophagus specimens of the laboratory
guinea pig, rat, and rabbit. In guinea pig and rat
tongue, basal and suprabasal dendritic cells
were located in the epithelium of the dorsal
surface. In rabbit tongue, suprabasal cells, with-
out dendritic processes, were found in the
epithelium of the dorsal surface. In the subep-
ithelial tissue, dendritic cells were present; a
few dendritic cells were found in the subep-
ithelial tissue of the ventral surface. Dendritic
cells were not found within the cornified layer
of the epithelium. In guinea pig and rat oesoph-
agus, basal columnar cells, without dendritic
processes, were present in the epithelium. In
rabbit oesophagus, basal cells, without dendrit-
ic processes, were seen in the epithelium; the
subepithelial tissue showed dendritic cells. The
cells, without evident processes, are probably
not yet of typical, mature phenotype.
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INTRODUCTION

Inhaled and swallowed antigens must be identi-
fied and an immunoactivity initiated without
interrupting the sensory function of the tongue.
Dendritic cells (DCs) are bone marrow-derived
and thymus-independent immunostimulatory
cells (Steinman and Nussenzweig, 1980; Stein-
man, 1991); they can take up and present orally
administered antigens to naïve T cells (Liu and
MacPherson, 1991). Efficient capture and presen-
tation of antigens by DCs is central to the induc-
tion of an immune response (Colaco, 1999). 

Zinc iodide-osmium (ZIO) has been exten-
sively used to identify DCs (Crocker and Hop-
kins, 1984; Dagdeviren et al., 1994; Breathnach
and Goodwin, 1965; Niebauer et al., 1969;
Rodriguez and Caorsi, 1978; Hart and Fabre,
1981; Sertl et al., 1986; Prickett et al., 1988; Stein-
man, 1991). DCs have been found in the mouth
of the rhesus monkey (Hutchens et al., 1971),
human oesophagus (Al Yassin and Toner, 1976),
human tonsil (Crocker and Hopkins, 1984; Noble
et al., 1996; Papadopoulos et al., 1999), respira-
tory tract of the infant rat (Nelson et al., 1994),
stratified squamous epithelium of the rat (Muller,
1996), trachea and bronchi of the guinea pig
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(Lawrence et al., 1997), mucous membranes of
the digestive and reproductive tracts in mice and
rats (Bykov, 1997), epithelium of the respiratory
tract of the rat (McWilliam and Holt, 1998), and
in the human and animal respiratory tract (Holt
and Stumbles, 2000). 

Previous studies from this department, using
ZIO, revealed the presence of DCs in human
tonsil (Chandi et al., 1988; Chandi et al., 1989),
human decidua (Abraham et al., 1996, 2000),
and lip, tongue and oesophagus of the monkey
(Indrasingh et al., 2001). Only a few light micro-
scopic studies have been made on DCs in the
tongue and oesophagus of animals. Therefore,
the present study was carried out to demon-
strate, using zinc iodide-osmium, the presence,
location and morphology of the DCs in the
tongue and oesophagus of the laboratory guinea
pig, rat and rabbit.

MATERIALS AND METHODS

Fresh specimens of tongue and oesophagus were
taken from laboratory guinea pig, rat and rabbit,
which were sacrificed after routine practical
classes for postgraduate students at the Depart-
ment of Pharmacology of the Christian Medical
College. 

The tissue pieces were immersed in a solution
of veronal-buffered zinc iodide-osmium tetrox-
ide at pH 7.4 (Figueroa and Caorsi, 1980) for 48
hours at 4ºC in the dark, washed in distilled
water, dehydrated in graded ethanol, cleared in
xylene and embedded in paraffin wax. Serial
sections of seven-micron thickness were cut and
the sections were transferred to glass slides,
deparaffinised, mounted in Canada balsam with-
out counter staining (Chandi et al., 1988; Abra-
ham et al., 1996; Indrasingh et al., 2001), and
viewed under a light microscope. 

RESULTS

Tongue of guinea-pig and rat 

ZIO-positive DCs were located in the stratified
squamous epithelium of the dorsal surface of the
tongue (Figs. 1, 2). The cells were basal and
supra basal and were located at different levels
in the epithelium. Dendritic processes numbered
1 to 4 in the guinea pig and 1 to 3 in the rat. DCs
were not found within the cornified layer of the
epithelium.

Tongue of rabbit
ZIO-positive cells were found basally in the

stratified squamous epithelium of the dorsal sur-
face of the tongue. However, the cells had no
processes (Fig. 3). In the subepithelial tissue, DCs

with a single process were present (Fig. 4). A few
DCs with 2 to 3 typical processes were found in
the epithelium or subepithelial tissue of the ven-
tral surface of the tongue (Fig. 5).

Oesophagus of guinea pig and rat
ZIO-positive columnar cells were present in

the stratified squamous epithelium. The cells
were located basally. However, processes were
absent (Figs. 6, 7).
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Figure 1.- Dorsal surface of tongue of guinea pig. E – epithelium;
S – subepithelial tissue; dendritic cells (arrow) in basal
and suprabasal region of the epithelium; processes
numbered one to four. ZIO. x 55.

Figure 2.- Dorsal surface of tongue of rat. E – epithelium; S –
subepithelium; dendritic cells (arrow) in basal and
suprabasal region of the epithelium; processes num-
bered one to three. ZIO. x 255.



Oesophagus of rabbit 
ZIO-positive cells were found in the stratified

squamous epithelium. The cells were located
basally. The subepithelial tissue showed dendrit-
ic cells with processes (Fig. 8).

DISCUSSION

ZIO has been extensively used to identify the
DCs. Cellular reactivity to ZIO is attributed to cer-
tain reducing substances such as catecholamines

and ascorbic acid (Stockinger and Graf, 1965)
and to lipid moieties unmasked from lipoprotein
(Niebauer et al., 1969). The results of the ZIO
technique, with marked deposition of reaction
product in the mitochondrial granules, probably,
indicate the presence of lipids and/or precursor
proteins (Taffarel et al., 1984). 

DCs, which belong to the mononuclear phago-
cyte family, initiate immune reactions in lympho-
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Figure 3.- Dorsal surface of tongue of rabbit. S – subepithelial tis-
sue; cells without processes (long arrow) in basal
region of epithelium; dendritic cell (short arrow) in
subepithelial tissue. ZIO. x 370.

Figure 4.- Dorsal surface of tongue of rabbit. E – epithelium; S –
subepithelial tissue; dendritic cells with a single process
(thin arrow) in the subepithelial tissue. ZIO. x 520.

Figure 5.- Ventral surface of tongue of rabbit. E – epithelium; S –
subepithelial tissue; dendritic cells with one to three
typical processes (arrow) in the epithelium or subep-
ithelium. ZIO. x 550.

Figure 6.- Oesophagus of guinea-pig. S – subepithelial tissue;
columnar cells without processes (arrow) in the basal
region of the epithelium. ZIO. x 265.



cytes and play a critical role in antigen handling
(Nossal et al., 1968; Veerman and van Rooijen,
1975). DCs are the most important and the only
type of antigen-presenting cells capable of pre-
senting peptides to virgin T cells, thereby initiat-
ing cell-mediated immunity to newly encountered
antigens. 

DCs reside in the interstitium of many tissues
and mucosal epithelia, where they take up and
process both soluble and particulate antigens.
Following exposure to antigens, DCs mature and
develop potent immunostimulatory activity while
migrating to draining lymph nodes; there, they
initiate T cell responses (Pavli et al., 1996). 

Basal and suprabasal dendritic cells were pre-
sent with the epithelium of tongue of the rhesus
monkey; suprabasal cells were abundant in ker-

atinised tissue; in no case were dendritic cells
found within the epithelial cornified layer
(Hutchens et al., 1971). In rat tongue lesions in
graft-versus-host disease, dendritic cells were
present and were increased in number in the
lamina propria (Fujiwara et al., 1997). In monkey
tongue, DCs were found to be basal and
suprabasal in the epithelium and the processes
numbered one to five (Indrasingh et al., 2001).
Also in guinea pig and rat of the present study,
the DCs were basal and suprabasal and the
processes numbered one to three or four. In the
rabbit tissue of this study, ZIO-positive cells
were basal in the epithelium but the cells had no
processes; in the subepithelial tissue, DCs with a
single process were found; a few DCs with two
to three typical processes were found in the
epithelium or subepithelial tissue of the ventral
surface. In the monkey oesophagus, DCs were
suprabasal and occupied the middle part of the
epithelium; the processes were thin and num-
bered two to three (Indrasingh et al., 2001). In
the guinea pig and rat tissue studied here, the
ZIO-positive cells were basal and processes
were absent. In the rabbit tissue, DCs were
basal; the subepithelial tissue had DCs with
processes. An absence of processes in DCs indi-
cates that the cells are not yet of mature pheno-
type; on exposure to antigens, DCs mature (Pavli
et al., 2001). The presence of DCs in subepithe-
lial tissue indicates their migratory nature.

DCs can stimulate protective antitumor
responses (Morse and Lyerly, 1998). Immunother-
apy, using autologous DCs, is playing an emerg-
ing role in novel cancer therapies (Hermans et al.,
1998). DCs have been applied in cancer vaccines
(Timmerman and Levy, 1999). They have the
capacity to induce responses and are used as a
potent adjuvant for the treatment of human can-
cer (Nestle and Burge, 1999). DC tumour vaccines
for cancer immunotherapy reverse T cell energy
and result in tumour rejection (Avigan, 1999). 

The location of the palatine tonsil at the gate-
way to the respiratory and digestive tracts suggests
a functional role in generating an immune
response to inhaled or swallowed antigens. Simi-
larly, to respond to inhaled or swallowed antigens,
DCs need to be present in the tongue and oesoph-
agus. The distribution of DCs in the tongue and
oesophagus is important because of the antigens
that enter through the mouth and nose. The distri-
bution of DCs in mucosal epithelium and subep-
ithelial tissue suggests that these DCs act as an
immune adjuvant by recruiting T cell responses
when foreign luminal antigens enter the mucosa. 
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Figure 7.- Oesophagus of rat. E – epithelium; S – subepithelial
tissue; Columnar cells without processes (arrow) in the
basal region of the epithelium. ZIO. x 345.

Figure 8.- Oesophagus of rabbit. E – epithelium; S – subepithe-
lial tissue; cells without processes (long arrow) in the
basal region of the epithelium; dendritic cells (short
arrow) in subepithelial tissue. ZIO. x 420.
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