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Identification of the nine-banded arma-
dillo as a model for lepromatous leprosy is
a landmark in leprosy research ( 7 . 16 ). H is-
topathologic and immunologic studies of
both experimental and naturally acquired
leprosy in armadillos ('. I S ) suggest a defect
in cell-mediated immunity (CMI) similar to
the defect in lepromatous leprosy in hu-
mans. Previously, observations on CMI in
armadillos have concentrated on peripheral
blood lymphocytes and macrophages ( 12 . 13 ).

Langerhans' cells have not been described
previously in normal or infected armadillos.
This report describes the structure of the
epidermis in normal armadillos and pro-
vides baseline data on the distribution,
number and morphology of Langerhans'
cells in normal armadillo skin. These cells
are believed to be involved in antigen pre-
sentation and T-cell sensitization (5, 14, 15, 18).

Langerhans' cells in lesions of leprosy in the
skin in humans vary in numbers and mor-
phology (2.3' 9, 11) .

MATERIALS AND METHODS
Punch (4-mm) biopsy specimens of skin

were taken under ketamine anesthesia from
four, normal, adult nine-banded armadillos
(Dasjpus novenicinctus) captured in the state
of Louisiana, U.S.A., and housed in the
Armed Forces Institute of Pathology,
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Washington, DC, U.S.A. Leprosy had been
excluded by repeated examination of smears
of tissue fluid from the skin of the ears for
acid-fast bacilli. Anatomical areas sampled
are shown in The Table. Specimens were
fixed in 2.5% glutaraldyhyde, postfixed with
osmium tetroxide, dehydrated with concen-
trations of graded alcohol and embedded in
Spurr's medium. Semithin sections (1.0-pm)
were stained with toluidine blue and studied
by light microscopy. Ultrathin sections were
cut and stained with uranyl acetate and lead
citrate, and examined with a Zeiss 109 elec-
tron microscope.

RESULTS
The general structure of the epidermis was

similar to that of human skin (Fig. 1). The
epidermis varied from five to seven cell lay-
ers thick. The epidermal basement mem-
brane, basal cell layer, squamous layer,
granular layer, and stratum corneum layer
were identified.

Keratinocytes had large nonlobulated nu-
clei and abundant tonolilaments and des-
mosomes. Keratinocytes did not have mel-
anin granules in their cytoplasm. Melano-
cytes were identified along the basal cell lay-
er (Fig. 2), and presented as clear cells
without tonofilaments or desmosomes, but
with melanosomes in different stages of
maturation.

Clear cells with lobulated or indented nu-
clei and devoid of melanin granules, and
the darker staining keratinocytes, were
counted in the epidermis by light micros-
copy in semithin sections (Fig. 1). Relative
proportions of these two cell types in the
armadillo epidermis are given in The Table.
Clear cells in the epidermis were distributed
unevenly from the basal cell layer to the
upper prickle cell layers. Although clear cells
with visible melanin granules were excluded
from the count, enumeration of clear cells
by light-microscopic evaluation would in-
clude both Langerhans' cells and melano-
cytes with line melanin not readily visible
by light microscopy.
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FIG. 2. Melanocyte in the basal layer of the epi-
dermis. Note melanosomes (bar = 2 gm).
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FIG. 1. Semithin (1-kim) plastic embedded section
of abdominal skin of armadillo. Note clear cell with
indented nucleus (arrows) (toluidine blue stain, bar =
10 kim).

An electron microscopic study showed
that there were clear cells without tonoll-
brils, melanosomes, or desmosomes in their
cytoplasm in all ten specimens. The clear
cells were round or stellate with long and
short cytoplasmic processes. Cytoplasmic
organelles of the clear cells, including mi-
tochondria, endoplasmic reticulum and ly-
sosomes, were well formed (Fig. 3). Some
cytoplasmic processes extended for short
distances between the adjacent keratino-
cytes (Fig. 4). There were Birbeck granules
with characteristic limiting membranes and
periodic stippling in 9 out of 10 clear cells
examined (Figs. 5 and 6). In the remaining
specimen, there were similar clear cells, but
no Birbeck granules were identified in the
cytoplasm.

In one specimen, there were three cyto-
plasmic fragments of clear cells lying be-
tween the basal keratinocytes (Fig. 7). These
fragments of clear cytoplasm contained Bir-
beck granules (Fig. 8). Immediately below
the basal lamina in this area, there was a
large clear cell with Birbeck granules in the
dermal collagen (Fig. 9). No cytoplasmic
continuity was seen between the fragments
and the dermal cells.

In a different specimen, there was a cross-
section of a cilium in a vesicle-like space in
a keratinocyte (Fig. 10). The 9 + 0 pattern
of the double tubules of the oligocilium was
distinctive. The keratinocyte bearing the
cilium was one cell layer above the epider-
mal basement membrane.

DISCUSSION
The integument of the nine-banded ar-

madillo is composed of two types: a soft,
hairy skin over the ventral surface of the
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FIG. 3. A Langerhans' cell (L) in the stratum spinosum. Note Birbeck granules in the cytoplasm, the indented
nucleus and abundant organelles. The stratum corneum is in the upper left corner (bar = 2 pm).

head, neck, thorax, abdomen, and proximal
portions of the extremities, and a scaly, hard
carapace over the dorsum of body and head
and encircling the tail. The ears are covered

by an intermediate form of integument of
thicker skin.

The present study shows that the struc-
ture of the epidermis of the armadillo is

THE TABLE. Proportion of clear cells and cells with Birbeck granules in skin of four adult
normal arm adillos.

Semithin Ultrathin sections

Animal Sex Skin
site

sections No. clear
cells/I00
epidermal

cells'

Clear cells
found

Clear cells
with Birbeck

granules
found"

No. epidermal
cells counted

1382 NI Abdomen 2934 1.19
Thigh 1149 0.69

1389 F Abdomen 1710 0.52
Thigh 1019 0.89

1476 M Abdomen 266 0.37
Chin 296 1.10
Ear 433 0.69

1478 M Abdomen 278 0.71
Chin 278 0.95
Ear 507 0.39

Clear cells include both Langerhans' cells and melanocytes.
Ilirbeck granules are the ultrastructund hallmark of Langerhans' cells.
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FIG. 4. Birbeck granules (arrow) in a cytoplasmic
process of a clear cell extending between keratinocytes
containing many tonofilaments (bar = 2 pm).

FIG. 6. High magnification of Birbeck granules from
an epidermal Langerhans' cell (bar = 0.25 pm).

similar to human epidermis in that it con-
tains keratinocytes, melanocytes and Lan-
gerhans' cells. Keratinocytes of the nine-
banded armadillo are arranged in layers
similar to that of human skin and, as pre-
viously reported, of the seven-banded ar-
madillo (4 ). The mean relative proportion
of clear cells (Langerhans' cells) and mela-
nocytes is less than 1%. The percentage of
Langerhans' cells in the armadillo epi-
dermis, thus, is much lower than in human
skin; however, their numbers in different
anatomical areas (abdomen, chin, thigh, and
ear) are similar. Langerhans' cells have Bir-
beck granules that arc morphologically
identical to those in epidermal Langerhans'
cells in humans. The evidence suggests that,
as in human skin, Langerhans' cells in ar-

FIG. 5. Birbeck granules in Figure 4 at higher mag-
nification showing granules cut in different planes (bar
= 0.5 pm).
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FIG. 8. Higher magnification of a cytoplasmic mass

in the epidermis of Figure 7 showing many long I3ir-
beck granules in the cytoplasm (bar = I Am).

FIG. 9. Portions of Langerhans' cell in the dermis
of Figure 7. Note distinctive I3irbeck granules (bar
1 pm).

64, 2^Zhou, et al.: Armadillo Epidermis Ultrastructure^163

FIG. 7. Birbeck granules in three cytoplasmic fragments (C) between keratinocytes near basement membrane
(arrow) of the epidermis. Note Langerhans' cell surrounded by dermal collagen just beneath basement membrane
(bar = 2 Am).

madillo skin may migrate across the epi-
dermal basement membrane. The lower
proportion of Langerhans' cells in armadillo
skin as compared to normal skin is of in-
terest in view of the high susceptibility of
nine-banded armadillos to disseminated
leprosy when inoculated with illycobacte-
rium leprae. Studies of Langerhans' cells in
human leprosy patients have suggested a de-
crease in the number and degeneration of
Langerhans' cells in lepromatous leprosy
patients (8, 10 ).) Because the role of Langer-
hans' cells in the afferent limb of the CMI
system is now well understood, the specific
immunological defect in both human lep-

romatous patients and armadillos may be
related to the lower numbers of Langerhans'
cells. Further studies on the changes in ar-
madillos with experimentally induced or
naturally acquired leprosy are needed for a
better understanding of this relationship.
The baseline data reported here in normal
armadillos will be useful in such studies.

Although cilia in basal cells of normal
human skin have been reported ( 19 ), the mi-
crotubular structure of the cilia in human
epidermal cells have not been determined.
The cilium of a keratinocyte seen inciden-
tally in normal armadillo skin clearly shows
the 9 + 0 pattern of an oligocilium.
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FIG. 10. Cross-section of an oligocilium with char-
acteristic 9 + 0 pattern within a vacuole-like space in
a keratinocyte (bar = 0.5 pm).

SUMMARY
In view of the importance of the nine-

banded armadillo (Dasypus novenicinctus)
in leprosy research, we studied the ultra-
structure of the normal epidermis of this
species. The three basic cell types of human
epidermis were identified in armadillo skin:
keratinocytes, melanocytes, and Langer-
hans' cells. The role of Langerhans' cells in
the human cell-mediated immune system
and the description of changes in the num-
ber and structure of Langerhans' cells in hu-
man leprosy make detailed observations of
these cells in the armadillo highly relevant.
Clear cells with ultrastructural features typ-
ical of Langerhans' cells were observed in
normal armadillo epidermis in all areas of
skin sampled (abdomen, chin, ear, and
thigh), but are fewer than in human skin.
These baseline findings are valuable for fur-
ther studies on Langerhans' cells and the
cell-mediated immune function in arma-
dillos with naturally acquired or experi-
mental leprosy.

RESUMEN
En vista de la importancia del armadillo de 9 bandas

(Dasypus novenwincius) en las investigaciones sobre la
lepra decidimos estudiar Ia ultraestructura de Ia epi-
dermis normal en esta especic. En la piel de los ar-
madillos se identificaron los 3 tipos celulares basicos
de Ia epidermis humana: queratinocitos, melanocitos,
y celulas de Langerhans. El papel de las celulas de
Langerhans en la inmunidad celular y la descripciOn
dc los cambios en el minter° y la estructura de estas
celulas en la lepra de los humanos hace que el cstudio
de estas celulas en el armadillo sea un aspecto suma-
mente relevante. Se observaron celulas con las carac-
teristicas ultraestructureales tipicas de las celulas de
Langerhans en la epidermis normal del armadillo de
todas las areas investigadas (abdomen, cachete, oreja
y pierna) aunque su nUmero fue menor que el corres-
pondiente a la piel humana. Estos hallazgos basales
podrian ser de valor cuando se estudie el papel de las
celulas de Langerhans en la piel de los armadillos con
lepra natural o experimental.

RÉSUMÉ

Vu l'importance du tatou a neuf bandes (Dasypus
novemeincrus) dans la recherche sur la lepre, nous avons
Ctudie l'ultrastructure de l'epiderme normal de cette
espece. Les trois types de cellules de base de l'epiderme
humain ont ête identifies dans la peau du tatou: ke-
ratinocytes, melanocytes et cellules de Langerhans. Le
role des cellules de Langerhans dans le systeme im-
munitaire humain 0 mediation cellulaire et la descrip-
tion des modifications dans le nombre et Ia structure
des cellules de Langerhans dans la lepre humaine ont
rendu tout 0 fait appropriees les observations de ces
cellules chez lc tatou. Des cellules claires avec des ca-
racteristiques ultrastructurales typiques des cellules de
Langerhans ont ete observêes dans l'epiderme normal
du tatou dans toutes les regions cutanees examinees
(abdomen, menton, oreille et cuisse), mais en nombre
moindre que dans Ia peau humaine. Ces observations
de depart sont importantes pour des etudes ulterieures
sur le role des cellules de Langerhans dans l'immunite
0 mediation cellulaire chez des tatous avec une lepre
acquise de maniere naturelle ou experimentale.
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