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Immune Response of Armadillos (Dasypus novemcinctus).
I. Use of Lectins to Identify Lymphocyte

Subpopulations and to Evaluate Cell Proliferation'
Leopoldo Santos-Argumedo, Fernando Guerra-Infante, Alejandra Posadas-Lopez,

Fausto Quesada-Pascual, and Sergio Estrada-Parra 2

The nine-banded armadillo (Dasypus
novemcinctus) has become the main source
for growing Mycobacterium leprae although
very little is known about its immune re-
sponse. However, the knowledge of the
mechanisms involved in protection could
be relevant to understanding why armadil-
los develop an infection quite similar to the
lepromatous leprosy seen in humans.

There is a scarcity of publications with
reference to elements of the immune re-
sponse in armadillos (3 • ' 7 ). Some reports give
fragmentary information on the humoral
branch only. As far as we know, there are
no reports on the identification of lympho-
cyte surface markers, indispensable for a
breakdown of the different cell types or sub-
populations making up the cellular branch
of immunity, which participate in the area
of our investigative concern (1, 3, 12, 17) .

In this paper we report on the use of lec-
tins to identify lymphocyte subpopulations
and to evaluate cell proliferation in the ar-
madillo. Lectins have proven to be useful
in the identification of certain moieties of
the lymphocyte population ( 14 ), and even of
value in pinpointing distinct stages of dif-
ferentiation ( 7 ). Lectins have the additional
property of inducing polyclonal activation
of lymphocytes (7.8) and the release of cy-
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tokines. There exist only a limited number
of references on the response of armadillo
lymphocytes (9.18 ). For this reason, a careful
revision of data pertaining to the stain pat-
tern of peripheral lymphocytes from ar-
madillos in response to lectin stimulation
constitutes a distinctive contribution of this
presentation. The use of 12 different lectins
was involved in the study of the prolifera-
tion of the peripheral lymphocytes with the
intention of establishing the features related
to the functional subtleties that may help
define subpopulations of armadillo lym-
phocytes.

MATERIALS AND METHODS
Armadillos. Nine-banded armadillos

(Dasypus novemcinctus) were captured in
the highlands of the state of Michoacan,
Mexico, and were kept in captivity as pre-
viously described ( 10). After 1-3 months of
adaptation, 20 ml of blood was withdrawn
from each animal by cardiac puncture ( 12 ).
Blood was mixed with an equivalent vol-
ume of Alsever's solution to avoid coagu-
lation.

Purification of lymphocytes from periph-
eral blood. The mononuclear cells were pu-
rified from peripheral blood using Histo-
paque 1077 (Sigma Chemical Co., St. Louis,
Missouri, U.S.A) as was described by Bo-
yum (2 ). After purification, half of the cells
were resuspended in complete medium for
culture and the other half were resuspended
in PBA [phosphate buffered saline (PBS) to
which was added 2% bovine serum albumin
(BSA) and 0.01% NaN 3 ] for staining.

Medium. RPMI-1640 (Gibco, Grand Is-
land, New York, U.S.A.) was supplemented
with nonessential amino acids (Gibco), 5 X
10 -5 M 2-mercaptoethanol (Gibco), 1 mM
sodium pyruvate (Sigma), 2 mM glutamine
(Sigma) and 5% (v/v) fetal calf serum (Gib-
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THE TABLE. Percentage of nine-banded
armadillo peripheral blood lymphocytes
stained with fluorescein-labeled lectins.

Lectin 0/0 Of
positive cells'

Canavalia eisilbrmis (ConA) 100%
Ricinus communis (RCA) 100%
Lens culinaris (LcH) 100%
Triticum vulgaris (WGA) 89 ± 11%
Ulex europaeus I (UEA-I) 89 ± 11%
Phaseolus vulgaris (PHA-L) 75 ± 15%
Vida villosa (VVA) 75 ± 15%
.lrachis hipogaea (PNA) 55 ± 10%
Glycine max (SBA) 50 ± 10%
Phrtolacca americana (PWM) 40 ± 10%
Dolichus biflorus (DBA) 10 ± 2%
Phaseolus coccineus (PCA) 7 ± 2%

Mean ± standard deviation from 18 armadillos.

co). Medium with all the supplements is
referred to as complete medium.

Lymphocyte staining. Armadillo mono-
nuclear cells (1 x 10 6 cells/tube) in PBA
were stained with different concentrations
of FITC-labeled lectins. Cell suspensions
were incubated for 30 min at 4°C. After
incubation, the cells were washed three times
with PBA, and the fluorescent cells were
scored by direct observation under epiflu-
orescence microscopy (Carl Zeiss, Germa-
ny).

Lectins. All FITC-labeled (for staining)
or unlabeled (for tissue culture) lectins used
in this work were obtained from Sigma, and
they were as follows: A rachis hypogaea (pea-
nut, PNA); Canavalia eisiformis (Concan-
avalin A from jack bean, ConA); Dolichus
biflorus (horse gram, DBA); Glycine max
(soybean, SBA); Lens culinaris (lentil, LcH);
Phaseolus coccineus (scarlet runner bean,
PCA); Phaseolus vulgaris (red kidney bean,
PHA -L); Phytolacca americana (pokeweed,
PWM); Ricinus C01111111111iS (castor bean,
RCA); Triticum vulgaris (wheat germ,
WGA); Ulex europaeus I (gorse or furze,
UEA I) and Vicia villosa (hairy vetch, VVA).

Lymphocyte proliferation assays. Ar-
madillo lymphocytes in complete medium
were placed into 96-well flat-bottom plates
at 1 x 10' cells/well. Lectins diluted in com-
plete medium were added at different con-
centrations to each well in a total volume
of 200 pl. Plates were incubated at 37°C,
95% humidity and 5% CO 2 for 48 hr. Pro-
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THE FIGURE. Proliferation of armadillo peripheral
blood lymphocytes induced by lectins. Armadillo lym-
phocytes were stimulated with different concentrations
of the following lectins: ConA (•), PHA-L (M), PWM
(A), DBA (V) and SBA (0). After a 40-hr incubation,
plates were pulsed for 8 hr with 3 H-thymidine and then
harvested. Every well was done in quadruplicate. Each
point represents the mean ± standard deviation from
six different healthy armadillos.

liferation was evaluated by 3 H-thymidine
incorporation (Amersham International,
Amersham, Buckinghamshire, U.K.) using
0.5 .tCi/well during an 8-hr pulse. 3 H-thy-
midine incorporated into the cells was
quantified in a Beckman Scintillation coun-
ter.

RESULTS
A panel of 12 lectins were used to identify

lymphocyte subpopulations in nine-banded
armadillos; the results of the staining are
shown in The Table. As can be seen, ConA,
LcH, RCA, WGA and UEA-I stained al-
most 100% of the lymphocytes. PHA-L and
VVA recognized 75% of the mononuclear
cells; PNA, SBA and PWM stained around
50% of the cells; and finally, DBA and PCA
reacted with about 10% of the lymphocytes.
In this work, all lectins staining less than
75% of the cells were considered good can-
didates for recognizing subsets of armadillo
lymphocytes.

The same lectins also were tested for their
capacity to induce proliferation of arma-
dillo lymphocytes. From all of the lectins
tested only ConA, DBA, SBA, PHA-L and
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PWM were able to induce proliferation. As
can be seen in The Figure, ConA, PHA-L
and PWM induced high levels of 3 H-thy-
midine incorporation. DBA and SBA in-
duced poor proliferation (The Figure); how-
ever, the effect was titratable. All of the oth-
er lectins used in this work were unable to
induce proliferation at any of the concen-
trations tested.

The optimal concentration for prolifera-
tion with ConA, PHA-L PWM and DBA
was in the range between 5 to 15 µg/ml as
reported when human or mouse lympho-
cytes are used. In contrast, 35 µg/ml of SBA
were needed to obtain the highest prolifer-
ation with this lectin (The Figure).

DISCUSSION
Information on specific surface markers

for identification of subpopulations of pe-
ripheral lymphocytes from nine-banded ar-
madillos is very limited, and insufficient for
a clear separation into B or T lymphocytes.
Some evidence supports the possibility of
the identification of B cells (12. 1 7) .

In the literature one finds reports of pro-
liferative responses of armadillo lympho-
cytes to lectins 18 ). In those same reports
the authors provide proof of mitOgenic
stimulation by PHA-L and PWM lectins,
both exhibiting good stimulation indexes.

Lectins have proven to be adequate tools
for the identification of surface markers in
lymphocytes and to promote proliferative
responses in those cells from various spe-
cies. This has encouraged our investigation
of the effects of a panel of 12 lectins upon
peripheral lymphocytes obtained from the
nine-banded armadillo. The staining exper-
iments showed that ConA, LcH, RCA,
WGA, UEA-I, PHA-L and VVA lectins rec-
ognize high percentages of armadillo lym-
phocytes. The high percentage of staining
means that these lectins will not be useful
in identifying specific lymphocyte subpop-
ulations. Nevertheless, they can be helpful
in double-staining techniques to confirm
identification of the type of cells, or in com-
bination with recognition of lymphocytes
identified by the presence of a surface im-
munoglobulin. Ongoing work in our labo-
ratory is indicating that double staining (with
anti-armadillo IgM and lectins) may be use-
ful to identify armadillo lymphocyte sub-
populations. However, it is too early to

clearly relate phenotype with specific func-
tions.

PHA-L and PWM are the lectins often
selected for characterization and differen-
tiation of human and murine T and B lym-
phocytes. PHA-L lectin recognizes 75% of
T lymphocytes in both species; on the other
hand, the PWM lectin identifies 30% to 40%
of the lymphocytes, these cell comprise the
corresponding B-cell subpopulations (4 . 5, ' 9).
In the peripheral blood lymphocytes of the
armadillo PHA-L and PWM lectins stain
75% and 40% of the subpopulations, re-
spectively, highly indicative that here, too,
there is selective differentiation of the
mononuclear cells in this species.

Seventy-five percent of the armadillo
lymphocytes were stained by the VVA lee-
tin. In humans, this lectin recognizes 15%
of the human peripheral blood lympho-
cytes, cells with so-called contrasupressor
activity (6). Other reports mention that this
lectin, in mice, binds preferentially to T cells
in the intestinal distribution of Peyer's
patches. Furthermore, it has been claimed
that the cells identified by VVA lectin se-
crete interleukin 5 ( 15 ). The percentage found
in the current study is higher than the values
reported in humans, for which reason it is
not possible, as yet, to speculate about its
possible function in armadillos.

Fifty percent of the armadillo peripheral
lymphocytes were stained by PNA as well
as SBA. In human and in murine peripheral
lymphocytes the PNA lectin stains 40% of
these cells, while 80% of thymocytes take
up the stain in both of these species ( 11, ").
In humans, SBA lectin recognizes, unselec-
tively, T and B lymphocytes, but in mice it
has been reported that this lectin may bind
to the interleukin-2 receptor or other acti-
vation markers on T cells ( 16 ).

Low percentages of armadillo peripheral
blood lymphocytes are stained by DBA and
PCA lectins. No reference seems to exist on
DBA lectin differentiation of human or mu-
rine lymphocyte subsets. However, DBA
lectin has the property to differentiate hu-
man A 1 from A2 blood groups ( 13 ).

One interesting characteristic of the DBA
lectin brought out in the course of the pres-
ent study is its ability to induce lymphocyte
proliferation, an activity that had not been
previously reported. The proliferation that
was observed, while discrete, is significant,
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especially if one considers that only 7% of
the total lymphocyte population is stained
by this lectin. In contrast, a relatively high
percentage, 33%, has been reported in the
corresponding cell population of mice ( 13 ).

The mitogenic stimulation of armadillo
peripheral blood lymphocytes with ConA,
PHA-L, PWM and DBA lectins was
achieved by 5 pg of any of these four lectins;
the first three of these lectins are routinely
used for promoting lymphocyte prolifera-
tion in humans and in mice (4 ' 19 ). In the
case of SBA, a higher concentration was re-
quired, and the stimulation index was lower
compared to the other lectins (ConA, PHA-L
and PWM). Enhancement of proliferation
may be attained by treatment of the lym-
phocytes with neuraminidase prior to the
culture of the lectin lymphocyte mixture.

The proliferative response of M. leprae-
infected armadillos is being evaluated in our
laboratory, and some preliminary results
have shown a decrease in the response to
ConA correlating with the progress of the
infection.

The results of this investigation have not
yielded sufficient information for detection
of specific surface markers of peripheral
blood T and B lymphocytes obtained from
the nine-banded armadillo. However, valu-
able information has been obtained that is
expected to be applicable for identification
of cell functions when specific subsets of
lymphocytes can be confidently identified.
The information regarding selective stain-
ing of lymphocyte subsets is of major im-
portance in view of the fact that the ar-
madillo is the only animal species that can
serve as an experimental model for the study
of the inoculation and spread with Al. lep-
rae.

SUMMARY
Lectins have been used to study popula-

tions and discrete differentiation stages of
lymphocytes. Likewise, lectins have been of
practical importance in promoting mito-
genic stimulation of lymphocytes in nu-
merous species. In this research project, we
took advantage of these tools in an attempt
to identify specific subsets of peripheral
blood lymphocytes obtained from healthy
nine-banded armadillos (Dasypus novem-
cinctus). The same cell source served to
evaluate mitogenic stimulation.

Twelve FITC-labeled lectins were used;
5 (ConA, LcH, RCA, WGA and UEA) re-
acted with almost 100% of the lymphocytes
and 7 (PNA, DBA, SBA, PCA, PHA-L,
PWM and VVA) recognized variable per-
centages (<100% of these cells). This latter
group of lectins may be useful in the iden-
tification of armadillo lymphocyte subsets,
or may correlate with discrete stages of dif-
ferentiation of these cells.

The same lectins served to evaluate mi-
togenic stimulation in an aliquot of the same
peripheral blood mononuclear cells. Of the
12 lectins studied, 5 (ConA, PHA-L, PWM,
DBA and SBA) had the capacity to induce
mitogenic stimulation in the whole mixture
of mononuclear cells, giving rise to variable
degrees in the corresponding mitogenic in-
dex obtained for each of the 5 lectins.

Those lectins that gave an indication of
selective identification of lymphocytes, that
is, the percentages at or below 75%, may
prove useful in the evaluation of the im-
mune response of healthy armadillos as well
as the evolution of progression stages of lep-
romatous leprosy in armadillos inoculated
with the same strain of Mycobacterium lep-
rae that affects humans.

RESUMEN
Se han usado lectinas para estudiar las poblaciones

de linfocitos y sus discretos estados de diferenciaciOn.
Las lectinas han resultado ser de importancia practica
al promover la estimulaciOn mitogenica de linfocitos
de diversas especies. En este estudio aprovechamos
esta herramicnta para intentar identificar subpoblacio-
nes especificas de linfocitos de la sangre periferica de
armadillos sanos de nueve bandas (Dasypus 1101V1)1-

CillallS). La misma fucnte cclular se use para evaluar
la estimulaciOn mitogênica. Se usaron 12 lectinas aco-
pladas a fluoresceina; cinco de ellas (ConA, LcH, RCA,
WGA y UEA) reaccionaron con cdsi el 100% de los
linfocitos, y 7 (PNA, DBA, SBA, PCA, PHA-L, PMW
y VVA) reconocicron porcentajes variables (<100%)
de estas celulas. Este Ultimo grupo de lectinas podraia
de ser de valor para identificar subpoblacioncs de lin-
focitos de armadillo o para identificar discretos estados
de diferenciaciOn de estas cdulas. Las lectinas tambiên
se usaron para evaluar su capacidad mitogenica sobre
la poblaciOn de lcucocitos mononucleares de sangre
perirerica. De las 12 lectinas estudiadas, 5 (ConA, PHA-
L, PWM, DBA y SBA), indujcron la mitosis de las
cêlulas mononucleares, aunque en diferentes grados y
con diferentes indices de estimulaciOn. Aquellas lec-
tinas cuyo comportamicnto podria sugcrir una iden-
tificaciOn selectiva de linfocitos, est() es, quc mostraron
porcentajes de estimulaciOn iguales o menores al 75%,
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podrian scr utiles para evaluar la respuesta ininuno-
lOgica de los armadillos sanos y para seguir el progreso
de la enfermedad en los armadillos infectados con My-
cobacterium leprae.

RÉSUMÉ

Les lectines ont etc utilisees pour etudier des pop-
ulations de lymphocytes et leurs stades de differentia-
tion. De meme, les lectines ont etc importantes pour
promouvoir la stimulation mitogenique des lympho-
cytes dans de nombreuses especes. Dans ce projet de
recherche, nous avons profile de ces outils pour essayer
d'identifier des sous-groupes specifiques de lympho-
cytes du sang peripherique provenant de tatous a neuf
bandes en bonne sante (Dasypus novemcinctus). La
meme source de cellules a servi a &valuer la stimulation
mitogenique.

Douze lectines marquees au FITC ont etc utilisees;
cinq (ConA, LcH, RCA, WGA et UEA) reagissaient
avec pros de 100% des lymphocytes et sept (PNA, DBA,
SBA, PCA, PHA-L, PWM et VVA) en reconnaissaient
des pourcentages variables ( < 100% de ces celulles).
Ce dernier groupe de lectines pourrait etre utile dans
('identification de sous-populations de lymphocytes de
tatous, ou pourrait etre associe avec des stades de dif-
ferentiation de ces cellules.

Les memes lectines ont servi a &valuer la stimulation
mitogênique dans un aliquot des memes cellules mono-
nucleaires du sang peripherique. Parmi les douze lee-
tines Otudiees, cinq (ConA, PHA-L, PWM, DBA et
SBA) etaient capables de provoquer la stimulation mi-
togenique dans le mélange complet de cellules mono-
nucleaires, donnant lieu a des degres variables de l'in-
dice mitogenique correspondant obtenu pour chacune
des cinq lectines.

Les lectines qui donnaient une indication de l'iden-
tification selective de lymphocytes, c'est-a-dire un
pourcentage de ou inferieur a 75%, pourraient s'averer
utiles dans l'evaluation de la reponse immunitaire des
tatous en bonne sante ainsi que de revolution des stades
de progression de la lepre lepromatcuse chez des tatous
auxquels on a inocule la meme souche de Mycobac-
terium leprae que cello qui affect l'homme.
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