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Lepromatous leprosy is characterized,
among other peculiarities, by an antispe-
cific anergy of the cellular immune re-
sponse ('°). This immunodeficiency consists
of the limited proliferation of T lympho-
cytes, and is explained in part by the im-
paired synthesis of interleukin-2 (IL-2)
("*'). In normal resting T cells, antigens or
mitogens induce their proliferation by
means of the synthesis of IL-2 and its re-
ceptor; the participation of diacylglycerol
(DAG) and calcium, that produce the acti-
vation of protein kinase C (PKC) ('-?%), is
mandatory. Phorbol esters such as PMA can
substitute for DAG and are mitogenic to hu-
man T and B cells, producing membrane al-
terations, modulation of cell-surface recep-
tors (>3 71115 18) and activation of several
cytokine-encoding genes (*%'*19),

lIonophore A23187 increases calcium per-
meability across the cellular membrane into
the cytosol of lymphoid cells, and is consid-
ered by several authors as a co-mitogen of T
lymphocytes (" '***). We report here the use
of PMA, an analog of DAG and ionophore
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A23187 (calcium increaser), in cultures of
mitogen-activated T lymphocytes from lep-
romatous leprosy patients in order to induce
the expression of the IL-2 gene, thus cor-
recting the inadequate proliferation of T
cells from these lepromatous patients.

MATERIALS AND METHODS

Study subjects. Twenty-two patients, 11
males and 11 females between the ages of
20 and 65 years, from the Instituto Derma-
tologico at Guadalajara, Jalisco, Mexico,
were diagnosed as having polar leproma-
tous leprosy (LL) according to international
criteria (*'). All presented positive bacil-
loscopy and all received an irregular treat-
ment of 100 mg of dapsone (diamino-
diphenyl sulfone) per day. The length of
treatment ranged from 2 to 15 years. The
control group consisted of 20 normal sub-
jects, all matched with the study group for
sex and age as much as possible.

Mononuclear cells. Heparinized blood
(20 TU/ml) was obtained from each subject
by venipuncture. After the blood had been
centrifuged on a Ficoll-Hypaque gradient
(°) at 400 x g, the mononuclear cells were
recovered and washed three times with
Hanks’ balanced salt solution (HBSS). The
cells were then suspended in RPMI 1640
culture medium (GIBCO, Grand Island,
New York, U.S.A.) supplemented with 5%
heat inactivated fetal calf serum (FCS), 2
mM glutamine, 1 mM sodium pyruvate, 0.1
mM nonessential amino acids, 10 mM
HEPES, 5 x 10-°* M 2-mercaptoethanol, and
penicillin 100 U/ml and streptomycin 100
pg/ml. Finally, the cells were adjusted to |
x 10° cells/ml ('?).

Proliferation assay. In order to activate
T cells from these LL patients, 10 pg/ml of
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phytohemagglutinin (PHA) was added to 2
% 10° mononuclear cells, and/or 10 ng/ml of
phorbol myristate acetate (PMA), and/or 1
g of ionophore A23187 to the correspond-
ing well, i.e., all possible combinations
among the three reagents. The cultures
were incubated for 48 hr at 37°C in a mix-
ture of 95% air and 5% CO,. Thereafter,
they were pulsed with 1 uCi of *H-thymi-
dine (specific activity 6.7 Ci/umole; New
England Nuclear, Boston, Massachusetts,
U.S.A)).

After a 24-hr incubation, the cells were
harvested, and the incorporation of *H-
thymidine was measured in a Packard beta
counter. The results were expressed as a
stimulation index (SI) according to the fol-
lowing (*°):

SI = cpm of experimental
+ cpm of medium

IL-2 assay. The Quantikine Human IL-2
Immunoassay (R and D Systems, Min-
neapolis, Minnesota, U.S.A.) was used for
the quantitative determination of human IL-
2 concentrations present in the culture su-
pernatants after 48 hr (*°).

RESULTS

The Table presents the results of experi-
ments measuring the T-cell proliferation by
means of *H-thymidine incorporation (SI)
in PHA-stimulated cell cultures. It can be
observed that PHA-activated T lympho-
cytes from LL patients can be separated
into two groups: 1) 9 responders (R) with a
SI of > 10 and 13 nonresponders (NR) with
aSlof <10.

Figure 1 shows the proliferative re-
sponses of cells from LL(R), LL(NR), and
normal subjects stimulated with: I, PHA,
PMA, PMA+l, PHA+PMA and PHA+
PMA-+ionophore (PPI). It can be seen that
ionophore A23187 alone does not cause
proliferation. The most important result oc-
curs in LL(NR) patients since their cells
that do not respond to PHA stimulation
alone increase their proliferation to normal
levels when they are stimulated with PHA
in the presence of PMA. When lympho-
cytes from LL(NR) patients are stimulated
with PMA+], they again are less responsive
than the LL(R) patients and normal con-
trols. On the other hand, all three groups
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THE TABLE.  Stimulation index (SI) of
activated T lymphocytes from LL patients
[responders (R) and nonresponders (NR)]
and controls.*

LL patients

R NR Controls
SI SI SI
35 6.3 10
13 1.7 14
26 43 21
29 7.4 12
37 20 39
11 4.0 17
46 1.0 48
17 52 37
17 20 27
1.2 11
5.0 26
2.6 36
1.9 21
15
Mean 25.6 Mean 3.4 Mean 23.8
p < 0.0005 p < 0.005
SE. =4 SE.=2 SE. =324
*The range of the cpm values in the cultures receiv-

ing medium alone in the LL(R) patients was 1195-
2199 cpm; in the LL(NR) group, 753-2437 cpm; in
controls, 984-2648 cpm.

(NR, R and normals), strongly increased
their responses when they were incubated
with PPI.

The significance levels of the differences
in each of the following combinations used
in the cell cultures from LL(R), LL(NR)
and normal subjects were: for PHA, p <
0.001 (NR vs each of the other two groups);
for PMA, p < 0.004 (R vs each of the other
two groups); when PMA+I was used, p <
0.03 (R vs each of the other two groups);
PHA+PMA, p < 0.3 (no differences among
groups) and, finally, PPI, p < 0.001 (NR vs
each of the other groups).

In Figure 2, the IL-2 concentration in the
supernatants of cultures of T lymphocytes
from LL(NR), LL(R) and controls stimu-
lated with I, PHA, PMA, PMA+I, PHA+
PMA and PPI are shown. It can be seen that
cells from LL(NR) and LL(R) patients and
normals do not produce detectable IL-2 lev-
els in the presence of ionophore A23187
alone, and they produce relatively low lev-
els of IL-2 when they are incubated with
PHA or PMA. Nevertheless, the combina-
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FiG. 1. Proliferative responses (stimulation index) of cells from LL patients [responders (R) and nonrespon-

ders (NR)] and normal subjects stimulated with ionophore A23187 (I), PHA, PMA, PMA+I, PHA+PMA, and

PHA+PMA-+ionophore (PPI). The significance levels of

the differences in the SI in each of the following com-

binations used in the cultures of cells from LL(R), LL (NR) and normal subjects were: for PHA, p < 0.001 (NR
vs each of the other two groups); for PMA, p < 0.004 (R vs each of the other two groups); for PMA+], p < 0.03
(R vs each of the other two groups); for PHA+PMA, p < 0.3 (no differences among groups); for PP, p < 0.001
(NR vs each of the other groups). 1 = Nonresponder (NR); X = responders (R); p = normal subjects.

tion of ionophore and PMA causes the cells
from LL(NR) patients and normals to in-
crease their IL-2 levels. When the PHA+
PMA combination is used, cells from all
three groups produce their highest levels of
IL-2. Finally, when ionophore A23187 is
added to PHA+PMA there is a slight de-
crease in the production of IL-2 in all of
these groups. The significance level of the
differences of IL-2 from supernatants of
normal cells versus both groups of patients
was p < 0.03 when PMA was used; the dif-
ference between IL-2 of cells from LL(R)
patients versus the other two groups had a
significance level of p < 0.04 when PMA+I
is used and, finally, the difference between
IL-2 of cells from LL(NR) patients versus
the other two groups was p < 0.03 when
PPI was used.

DISCUSSION

The immunodeficient behavior of T lym-
phocytes in LL patients has been character-
ized by a limited proliferation of T cells and

a decreased activity of IL-2 (> '>'). Be-
cause IL-2 production is, in part, dependent
on the intracellular calcium levels and the
generation of DAG to activate PKC, we de-
cided to assay the effect of substances that
increase cytosolic calcium levels, such as
ionophore A23187, and/or substances that
mimic DAG such as PMA alone or com-
bined with PHA and ionophore. Our results
indicate different kinds of lymphocyte re-
sponses from the different groups studied to
the above-mentioned stimuli. The first dif-
ference is related to the response to PHA of
lymphocytes from LL(NR) patients against
the LL(R) and normal subjects. The re-
markable point is that about 95% of LL-
(NR) patients become responders when
their T cells are stimulated with PMA; the
other 5% required the presence of PHA to
respond (in the PHA+PMA combination as
well as in PPI). When ionophore A23187 is
added to PMA their SI decreases, but when
PHA+PMA is used they again recover their
SI. Conversely, cells from LL(R) patients
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FiG. 2.

Interleukin 2 (IL-2) levels found by ELISA in supernatants of cultures of lymphocytes stimulated

with ionophore A23187 (1), PHA, PMA, PMA+], PHA+PMA and PHA+PMA+ionophore (PPI). The signifi-
cance levels of the differences of IL-2 concentrations detected by ELISA from supernatants of cells of normals
vs both groups of patients was p < 0.03 when PMA was used; the difference between IL-2 of cells from LL(R)
patients vs the other two groups had a significance level of p < 0.04 when PMA+I was used; the difference be-
tween IL-2 of cells from LL(NR) patients vs the other two groups had a p < 0.03 when PPI was used. 1 = non-

responder (NR); x = responder (R); p = normal subjects.

respond in a mirror image related to the LL-
(NR) group when PMA+I is used.

All of the groups (normals, responders,
nonresponders) reach their highest SI when
the triple combination (PPI) is used, im-
plying that PHA, PMA, and ionophore
A23187 can trigger enough transduction
signals and Ca2+ levels to have “the opti-
mum conditions” for expressing the 1L-2
gene, producing the adequate concentration
of IL-2.

The explanation for the above-mentioned
data is that in the case of cells from LL-
(NR) patients, PMA is activating PKC, p2l
ras (guanosine triphosphate-binding pro-
tein), ERK 1 and 2 (extracellular signal-
regulated protein kinases), RAF (protein ki-
nase, member of the cascade upstream
ERK), and MEK (protein kinase, member
of the cascade upstream ERK) that had not
been activated by PHA alone, implying the

expression of the fos gene (*'*). In the case
of LL(R) patients, ionophore A23187 per-
mits enough Ca2+ levels to activate the
JNK (c-jun NH2 terminal kinase) system in
order to activate the jun gene (*'). In these
experiments, the necessary additions have
been done in order that both pathways, in
the case of LL(NR) patients and in the LL-
(R) patients, recover the production of AP-1
(regulatory protein, composed of fos and
jun proteins) and, finally, the expression of
the IL-2 gene (* '*??) in order to progress
from the Gl phase of the cell cycle to the S
phase, G2 and mitosis. This is supported by
the fact that IL-2 levels are very high when
cells from LL(NR), and LL(R) patients are
cultured in the presence of PHA+PMA. The
reason why the combination PPI induces
the highest SI but not the highest IL-2 lev-
els could be attributed to the fact that IL-2
levels have an optimum dose response ef-
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fect. An excess of IL-2 does not necessarily
imply the highest proliferation index be-
cause IL-2 receptors may be shedding from
the plasma membrane, thus neutralizing
their effect.

In order to corroborate the above expla-
nations, we have initiated experiments that
will measure the PKC, ERK, JNK activities
(%1219,

SUMMARY

The immunodeficiency present in pa-
tients with lepromatous leprosy is charac-
terized by the limited proliferation of T
lymphocytes, and is explained in part by the
impaired synthesis of interleukin-2 (IL-2).
Diacylglycerol (DAG) and calcium produce
the activation of PKC, ERK and JNK ki-
nases, implying a normal IL-2 response.
Phorbol esters, such as PMA, can substitute
for DAG and are mitogenic to human T and
B cells activating several cytokine-encod-
ing genes. lonophore A23187 increases cal-
cium permeability across the cellular mem-
brane to the cytosol of lymphoid cells and is
considered a co-mitogen of T lymphocytes.

Here we report that: 1) PHA-activated T
lymphocytes from LL patients can be sepa-
rated into two groups: a) responders (R)
with a stimulation index (SI) of > 10 and b)
nonresponders (NR) with a SI of < 10. 2)
The proliferative responses of cells from
LL(R), LL(NR) and normal subjects were
measured after being stimulated with: I,
PHA, PMA, PMA+l PHA+PMA and
PHA+PMA-+ionophore (PPI). The most im-
portant result occurs in LL(NR) patients
whose cells did not respond to PHA stimu-
lation but increased to normal levels of pro-
liferation when they were stimulated with
PMA. Furthermore, the three groups (NR,
R and normals) strongly increased their re-
sponses when they were incubated with
PPI. 3) Finally, IL-2 concentrations in the
supernatants of cultures of T lymphocytes
from LL(NR), LL(R) and controls were rel-
atively low when they were incubated with
PHA or PMA, but the addition of ionophore
to PMA and the combination of PHA+
PMA strongly increased the production of
IL-2 in all of them, reaching the optimum
IL-2 concentration when PPI is used.

It can be concluded that the use of PMA,
analogous to DAG, and ionophore A23187
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(calcium increaser) in cultures of mitogen-
activated T lymphocytes from LL patients
induced the expression of the IL-2 gene,
thus correcting the inadequate proliferation
of T cells from LL patients.

RESUMEN

La inmunodeficiencia presente en los pacientes con
lepra lepromatosa se caracteriza por la limitada prolif-
eracion de los linfocitos T, y se explica en parte por la
sintesis disminuida de interleucina-2 (IL-2). El diacil-
glicerol (DAG) y el calcio producen la activacion de
las cinasas PKC, ERK y JNK, implicando una respu-
esta normal de IL-2. Los ésteres forbdlicos, como el
PMA, pueden substituir al DAG y son mitogénicos
para las células T y B humanas, donde actian acti-
vando varios genes codificantes de citocinas. El ion6-
foro A23 187 (I) aumenta la penetracion del calcio al
citosol de las células linfodes y se considera como co-
mitégeno de los linfocitos T. En este trabajo nosotros
reportamos: (1) Que los linfocitos T (de pacientes LL)
activados con PHA pueden separarse en dos grupos:
(a) respondedores (R), con indices de estimulacion
(IE) de > 10 y (b) norespondedores (NR), con IE de
< 10. (2) Que se midieron las respuestas proliferativas
de las células (de LLR, LLNR y sujetos normales) es-
timuladas con I, PHA, PMA, PMA+I, PHA+PMA y
PHA+PMA-+ionéforo. Aqui, los resultados mds im-
portantes ocurrieron en los pacientes LLNR cuyas
células no respondieron a la estimulacion con PHA
pero incrementaron su respuesta proliferativa a valores
normales cuando se estimularon con PMA. Ademas,
los 3 grupos, NR, R y normales, aumentaron marcada-
mente sus respuestas proliferativas cuando se in-
cubaron con PHA+PMA+ionoforo (PPI). (3) Que Las
concentraciones de IL-2 en los sobrenadantes de los
cultivos de los linfocitos T de LLNR, LLR y controles,
fueron relativamente bajas cuando las células se in-
cubaron con PHA o con PMA, pero la adicion del
iondforo al PMA y las combinaciones de PHA+PMA
aumentaron fuertemente la produccion IL-2 en todos
ellos. La produccion éptima de IL-2 se logré con la
combinacion PPL

Puede concluirse que el uso de PMA (andlogo del
DAG) y del ionéforo A23 187 (incrementador de cal-
cio) en los cultivos de linfocitos T (LL) activados con
mitégeno, estimula la expresion del gene para IL-2, y
corrige la proliferacién inadecuada de las células T de
los pacientes con lepra.

RESUME
L'immunodéficience présente chez les patients
ayant une lepre Iépromateuse est caractérisée par la
prolifération limitée des lymphocytes T, et s’explique
en partie par I’altération de la synthese d’interleukine-
2 (IL-2). Le diacylglycerol (DAG) et le calcium pro-
duisent I'activation des kinases PKC, ERK et INK, ce
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qui suppose une réponse d’IL-2 normale. Des esters de
phorbol, tels que le PMA, peuvent étre substitués au
DAG et sont mitogenes pour les cellules humaines T et
B, activant divers genes encodant des cytokines.
L’inophore A23187 accroit la perméabilité du calcium
a travers la membrane cellulaire au cytosol des cellules
lymphoides, et est considéré comme un co-mitogene
des lymphocytes T.

Nous rapportons ici que: 1) Les lymphocytes T ac-
tivés par le PHA et provenant de patients LL peuvent
étre séparés en deux groupes: a) les répondants (R),
avec un index de stimulation (IS) > 10 et b) les non-
répondants (NR) avec un IS < 10. 2). Les réponses
prolifératives de cellules de patients LL(R), LL(NR) et
de sujets normaux ont ét¢ mesurées apres stimulation
avec I, PHA, PMA, PMA-1, PHA-PMA et PHA+
PMA-+ionophore. Le résultat le plus important survient
chez les patients LL(NR) dont les cellules ne
répondaient pas a la stimulation avec PHA mais aug-
mentaient & des niveaux normaux de prolifération
quand elles étaient stimulées par le PMA. De plus, les
trois groupes R, RR et normaux ont fortement aug-
menté leurs réponses quand ils ont été incubés avec
PHA+PMA-+ionophore (PPI). 3) Finalement, les con-
centrations d’IL-2 dans le supernatant des cultures de
lymphocytes T en provenance de LL(NR), LL(R) et té-
moins étaient relativement basses quand elles étaient
incubées avec PHA ou PMA, mais I’addition d’iono-
phore au PMA et les combinaisons de PHA+PMA ont
fortement augmenté la production d’IL-2 dans tous les
cas, atteignant la concentration optimale d’IL-2 quand
on utilisait le PPIL.

On peut conclure que I'utilisation du PMA, ana-
logue du DAG et I’ionophore A23187 (accroisseur du
calcium) dans les cultures de lymphocytes T activés
par de mitogenes provenant de patients LL, compre-
nait I’expression du géne de I’IL-2, corrigeant donc la
prolifération inadéquate de cellules T provenant de pa-
tients LL.
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