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Multibacillary Patients'
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Cytotoxic T cells (CTL) that lyre macro-
phages presenting mycobacterial antigens
have been identified in both murine and hu-
man systems (4, 13, 14, 22, 

;.I ). This antigen-
specific destruction of target cells may he
relevant not only for the eradication of the
Mycobacterium leproe reservoir but also,
from an immunopatholodcal point of view,
for the induction of skin and nerve damage
such as those present in leprosy patients.

The relative contribution of T-cell subsets
to acquired resistance against intracellular
bacteria has been analyzed in different ex-
perimental models. In murine tuberculosis a
dominant role has been associated with
CD4 T cells, with some contribution of CD8
T cells ( 115 ). Antigen-specific CD4 cells that
secrete a Th 1 cytokine pattern have been iso-
lated from patients with leprosy or tubercu-
losis (1,4, ) These cells express cytolytic
activities directed to antigen-presenting
macrophages ( 4. 27. Human class I-
restricted CD8 T cells with reactivity for in-
tracellular bacteria have been isolated less
frequently ( 7 ), although they have been de-
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scribed in tuberculosis and tuberculoid lep-
rosy lesions ( 21 . 3 "s).

The development of CTL in turn re-
quires antigen as well as nonspecific factors
( 25). In previous reports we ( 3-1 ), as well as
others ("), have shown that multibacillary
(MB) patients developed lower cytotoxicity
against autologous macrophages presenting
M. leprae or related mycobacterial antigens
than did paucibacillary (PB) patients and
normal controls (N). The cytokine milieu is
thought to influence the immune system to-
ward production of a particular T-cell cy-
tokine pattern, resulting in different effector
functions. In intracellular infections, cells
expressing the type I profile (Th 1) activate
mononuclear phagocytes converting them
into potent effector cells, while type 2 (Th2)-
dependent activities seem to be of minor im-
portance in the activation of phagocytes.
Studies of cytokine expression in leprosy le-
sions have demonstrated the prevalence of
Th2 cytokines in lepromatous leprosy pa-
tients and of Th 1 cytokines in tuberculoid
leprosy ( 41 -' 2). Antigen-induced cytotoxic ac-
tivity can he regulated by some of these sol-
uble factors. We have previously demon-
strated that M. /eprac-induced cytotoxicity
of peripheral blood mononuclear cells
(PMBC) could be enhanced in turn by the
addition of cytokines such as interferon
gamma (IFN-y), interleukin-6 (IL-6) or the
combination of IL-6 plus IL-2, while the ad-
dition of IL-4 downregulated this activity ('').

In the present study we have demon-
strated that both CD4 and CD8 cytotoxic T
cells contributed to the cytolysis of M. lep-
rae-pulsed autologous macrophages, as was
suggested in a previous paper by blocking
experiments ("), but differences were
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observed in PB and MB leprosy patients.
We also have analyzed the effect of IL-4,
11,-2, 1FN-yand 1L-6 On the cytotoxic func-
tion of these lymphocyte subpopulations.

MATERIALS AND METHODS
Patients. Fourteen leprom►tous ( LL), 1

borderline lepromatous (BL), 2 tuberculoid
(TT) and 5 borderline tuberculoid (BT) pa-
tients [classified according to Ridley and
Jopling ( 32 )] were studied. They were di-
vided into two groups: paucibacillary (TT
and BT: 4 women, 3 men; 18-70 years of
age) and multibacillary (LL and BL: 8
women, 7 men; 20-68 years of age) pa-
tients. All of the patients included in this
study were free of other infectious diseases
and received multidrug therapy according
to the recommendations of the World
Health Organization (WHO/MDT). Lepro-
matous patients undergoing erythema no-
dosum leprosum (ENL) (LL-ENL) were re-
ceiving thalidomide. The PB patient with a
reversal reaction (BT-RR) was receiving
corticosteroid treatment. Twenty-one BCG-
vaccinated normal controls (N) (1 1 women,
10 men; 30-55 years of age) were studied
simultaneously.

Mononuclear cells. PBMC were iso-
lated by centrifugation of heparinized blood
on a Ficoll-Hypaque density gradient ( 5 ).
Cells were collected from the interphase and
resuspended in RPMI 1640 tissue culture
medium (GIBCO Laboratories, Grand Is-
land, New York, U.S.A.) containing genta-
mycin (85 pg/ml) and 15% heat-inactivated
fetal calf serum (FCS) (GIBCO) (complete
medium).

Effector cells for cytotoxicity assays.
PBMC (2 x 10' cells/m1) were cultured in
Falcon 2063 tubes (Falcon Plastics, Ox-
nard, California, U.S.A.) at 37°C in humid-
ified 5% CO, atmosphere in complete
medium with or without 1.8 x 10 7 M. lep-
raelml (gamma-irradiated M. leprae, kindly
provided by Dr. R. J. W. Rees of the Na-
tional Institute for Medical Research, Mill
Hill, England, through the IMMYC bank)
in the presence or absence of a) IL-6 (20
Wm!), b) IFN-y (100 U/ml), c) 1L-2 (50
U/m1), d) IL-4 (10 U/ml), e) combinations
of IL-6 + IL-2 or IL-6 + IFN-y. All cytokines
employed in this work were purchased from
Genzyme, Boston, Massachusetts, U.S.A.
and were recombinant proteins. On day 7,

treated and control cells were washed three
times with RPMI 1640, resuspended in
complete medium (2 x 10" cells/nil), and
tested for cytotoxic activity.

Isolation of CD4- and CD8-depleted ef-
fector cells. Cultured mononuclear cells
(either M. ieprac-induced, cytokine-treated
or control cells) were depleted of lympho-
cytes bearing the CD4 or CD8 antigen by
treatment with anti-CD4 or anti-CD8 mono-
clonal antibody conjugated magnetic heads
(Dynal, Inc., Great Neck, New York,
U.S.A.). Briefly, 2-4 x 10" mononuclear
cells, resuspended in 100 pl of PI3S con-
taining 2% FCS, were mixed with 75 pl of
anti-CD4 conjugated or 40 pl of anti-CD8
conjugated beads (anti-CD4 and anti-CD8
conjugated beads were supplied as a sus-
pension of 1.4 x 10' beads/m1), and incu-
bated for 45 min at 2-4°C. Then, PBS-FCS
was added to a final volume of 5 ml and the
cell suspensions were placed in a magnetic
particle concentrator for 3 min to collect the
rosetted cells and the unbound beads. The
CD4- and CD8-depleted cells were col-
lected, washed three times, then resus-
pended with complete medium and tested
for their cytotoxic activity. Purity of the
CD4 and CD8 populations was verified by
flow cytometry analysis.

Target cells. PBMC (5 x 10"/m1) in
complete medium were plated in 24-well
Falcon plates and incubated for 2 hr at 37°C
in order to obtain the adherent population.
After removing nonadherent cells, cells re-
maining in the plates (10% of the original
cell suspension) were incubated at 37°C in
a humidified 5% CO, atmosphere for 7
days. For the cytotoxic assays, on day 6 of
incubation the cells were pulsed with 1.8 x
10 7 M. lepraelml. Macrophages kept under
the same conditions but without the addi-
tion of antigen were used as controls. Plates
were cooled for 2 hr at 4°C to facilitate the
detachment of adherent cells by vigorous
pipetting using ice-cold medium. These
cells were washed and pellets of 5 to 7 x
10 5 cells were labeled with 100 pCi of
Na, 5 'Cr04 (New England Nuclear, Boston,
Massachusetts, U.S.A.) by incubation for 1
hr at 37°C. The cells were washed three
times and resuspended in complete medium
at 1 x 10' cells/ml.

Cytotoxic assay. Target cells (I x 10')
were seeded into each well of 96-well mi-
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'1'n131.F I. CD4 and CD8T cells present in M. leprae-induced and control effector cell
suspensions."

13MC from No. Cells incubated with CD4 (%) CDS (%) CD4/CD8 ratio

NIB patients

113 patients

Controls

7

7

Medium
AI. 'clime
Medium
Al. leprae
Medium
M. teinwe

52 ± 4
46 ± 3
53 ± 4
44 ± 3
52 + 5
50 ± 5

19 ± 7
18± 4'
28+5
35 +4
23 + 5
29+4

3.0 ± 0.8
3.8 ± 1.0
2.5 ± 0.6
1.9 ± 0.3
2.1 ± 0.4
2.1 ± 0.2

Results are expressed as mean ±
Statistical differences: MB vs 1'13 patients, p <0.05.

crotitre plates (Falcon). Effector cells were
added in triplicate at different effector-to-
target cell ratios in a final volume of 0.2 ml.
The plates were centrifuged at 50 x g x
inin and incubated at 37"C in 5% CO, for 4
hr. After centrifugation at 500 x g x 5 min,
I 00 ill of supernatants were removed from
each well. The radioactivity of the super-
natants and pellets was measured in a
gamma counter. Results were expressed as
percentage of cytotoxicity:

% Cytotoxicity
cpm experimental

— cpm spontaneous release
^  x 100
cpm total

— cpm spontaneous release

Spontaneous release is the radioactivity re-
leased from target cells incubated with
complete medium alone. It ranged from
15% to 25%.

How cytometry analysis. Fresh mono-
nuclear cells as well as cultured effector
cells were labeled with FITC7 or PE-conju-
gated monoclonal antibodies, specific for
the human leukocyte antigen CD45, CD4
(Len 3a) or CDS (Leu 2a) lymphocyte anti-
gens and the macrophage-monocyte antigen
CD14 (Leu M3) (Becton, Dickinson & Co.,
San Jose, California, U.S.A.). Cell-surface
phenotype was then determined by flow cy-
tometry using a dual color analysis (Cell-
quest software) on a FACScan flow cytom-
eter (Becton, Dickinson): 15,000-20,000
events were acquired for each sample; gates
were set with respect to the forward- and
side-scatter to exclude cell debris. Mouse
IgG i /IgG„ FITC/PE-conjugated mono-
clonal antibodies ( y/y,) were included as
isotype controls.

Statistics. Comparisons of MB and PB
patients and normal controls were per-
formed using the Student's t test. Cytotox-
icity values obtained form the different sub-
sets of effector cells of each individual were
compared using the Wilcoxon matched-
pairs signed rank test.

RESULTS
M. leprae-induced cytotoxic assay from

CD4 and CDS T-cell enriched populations.
CD4 and CDS antigen expression on M. /cp-
me-stimulated and control mononuclear cells
was determined in order to assess the nature
of the effector cells present in the lymphocyte
suspensions after 7 days of culture (Table 1).
No differences were observed when M. lep-
rae-stimulated CD4 T cells were compared
in MB or PB patients and normal controls
(N), while in the case of CD8 T cells the per-
centage was lower in MB than in PB patients
and N, and was not increased by stimulation
with M. leprae. Confirming our previous
work ( 31), MB patients developed the lowest
cytotoxic activity when M. leprae-induced
mononuclear cells were employed in the cy-
totoxic assay (% cytotoxicity, x ± S.E.M.:
MB = 10± 1, MB-ENL = 20 ± 6, 1 313 = 33 ±
3, N = 21 ± I ). In the present report, we ana-
lyzed the cytotoxic activity of M. /cproc-in-
duced CDS- and CD4-depleted effector cells
(CD4 and CDS cells, respectively). First, the
purity of the CD4 and CDS suspensions was
determined: CD8 suspensions contained
67%-80% of CD8* cells and 5%-10% of
CD4* cells while CD4 contained 77%-94%
of CD4' cells and 2%-6% of CD8' cells.
Similar values were obtained for effector
cells purified from M13, PB and N.

Then, we determined the cytotoxic activ-
ity of M. /eproc-induced CD4 and CDS
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TABLE 2.^M. leprae-indu•ed cvlinoxicnyfrom CD4 or CD8 T-cell depleted populations."

Cells from
C'ytotoxicity ((G )

('ells from
Cytotoxicity ( (4.)

C1)4 cells (1)8 cells CD4 cells CD8 cells

MB patients BI 48 48
I.I. 12 10 BT-RR' 17 28

11 17 Mean ± S.E.M. 535 ± 5 40 ± 5
LL 13 10
III. 8 5 Normal controls
IA, 18 7 I. 28 17
I.I. 6 10 38 16
1.1. 10 4 3. 28 20
I.I. 18 6 4. 19 24

16 13 5. 19 10
16 8 6. 19 12
20 12 7. 31 20

IA, 9 5 8. 30 16
Mean ± S.E.M. 13 ± 9 ± 1 9. 29 11

10. 34 19

LL-ENL'' 16 10 11. 26 18

LL-ENL
LL-ENI.

38
19

8
13

12.
13.

15
29

19
10

Mean ± S.E.M. 24 ± 7 10± I 14.
15.

48
23

20
16

16. 34 12
1)13 patients 17. 21 6
Tr 41 56 18. 16 8
TT 20 28 19. 16 7
BT 44 26 20. 42 16
BT 34 41 21. 21 13

42 54 Mean ± S.E.M. 27± 2' 15 ± I

" Cytotoxicity against nonpulsed macrophages was 0%-4%.
LL-ENL = LL patients undergoing an ENL episode.
BT-RR = BT patient with a reversal reaction.
Statistical difference between CD4 and CD8 cytotoxicity p <0.05, Wilcoxon matched-pairs signed rank test.

effector cells. One representative case of
each polar form and one normal control are
shown in The Figure. For technical reasons,
effector cells were seeded at the E/T ratios
of 20:1, 40:1 and 80:1 according to the
global cell counts and were not adjusted for
individual variations of CD4 or CD8 per-
centages. Afterward, these E/T ratios were
corrected according to the percentage of
CD4 and CD8 T cells present in the effector
populations obtained from the flow cytom-
etry data. CD4 or CD8 effector cells from
MB, PB or N presented different patterns of
cytotoxicity despite the diverse E/T ratios
employed. In further studies, we only em-
ployed the LIT ratio 40:1, and the results
are expressed as percentage of cytotoxicity
after subtracting the lytic activity of primed
effector cells against nonpulsed macro-
phages.

As shown in Table 2, CD4 cytotoxicity
was higher than that of CD8 in 19 out of 21
controls. A similar pattern was observed in
10/12 MB patients. This difference was
most striking in one of the three LL-ENL
(% CD4 cytotoxicity = 38%, CD8 cytotoxi-
city = 8). The cytotoxicity values of both
lymphocyte populations of MB were signif-
icantly lower than those observed in N
(CD4 p < 0.0001, CD8 p < 0.001) and PB
patients (CD4 p < 0.01, CD8 p < 0.0001).
On the contrary, in 5/7 PB patients CD8 cy-
totoxicity predominated. Moreover the lytic
activity of CD4 was similar to that of N and
CD8-mediated cytotoxicity was higher than
N in PB (p < 0.001).

In all cases, when macrophage targets
were not pulsed with M. leprae (The Fig-
ure) or mononuclear cells had not been cul-
tured with M. leprae (data not shown), neg-
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FictluE. h1. hp/we-induced cytotoxicity from CD4 and CD8 effector cells. CD4 (■) and CD8 (A) ef-
fector cells were tested for their cytotoxic activity against autologous antigen-pulsed (••) and nonpulsed (I A)
macrophages at different effector-to-target (Err) cell ratios. MB = Multibacillary patients; PB = paucibacillary
patients; N = controls.

ligible cytotoxicity was observed (0%-
4%), even if cytokines were included in the
cultures ( 1 %-6%).

Effect of IL-4, IL-2, IFN-yand IL-6 on
the cytotoxic activity of M. leprae-in-
duced CD4 and CD8 effector cells. IL-4
completely inhibited the generation of CD4
effector cells in MB patients and produced
a diminution of CD4 cytotoxicity in PB pa-
tients and N (Table 3). CD8 cytotoxicity
was abrogated in both MB patients and N,
while the inhibitory effect was less evident
on CD8 cytotoxic activity from PB patients.

When we analyzed the cytotoxic activity
of CD4 and CD8 effector cells isolated from
IL-2 treated, M. /eprae-induced PBMC, dif-
ferent responses were observed in leprosy
patients and controls. IL-2 stimulated both
CD4 and CD8 cytotoxicity of N, and CD8
cytotoxicity of MB, above basal values. In
PB patients, the addition of IL-2 tended to
enhance the cytotoxic activity of both sub-
populations, however, statistical signifi-
cance was not reached, probably because of
the low number of patients (Table 3).

The addition of IFN-yproduced a signifi-
cant enhancement of cytotoxicity in both
CD4 and CD8 effector cells from controls
and MB patients.

A stimulatory effect of IL-6 was ob-
served on CD4 and CD8 cytotoxicity of

normal controls, while in MB patients an
enhancement of cytotoxicity was only de-
tected in CD4 effector cells (Table 2). Al-
though IL-6 induced an increase of CD4
and CD8 cytotoxicity in 3 out of 6 PB pa-
tients, no significant differences were ob-
served when compared to M. leprae-basal
cytotoxicity (Table 3).

In MB patients, the addition of IL-2,
IFN-y or 1L-6 produced a slight enhance-
ment of the lytic activity with respect to un-
treated effector cells in almost every indi-
vidual studied. Hence these increments
were statistically significant.

Effect of combined cytokines. When
IL-6 and IFN-y were added simultaneously
during the induction stage, a significant en-
hancement of CD4 and CD8 cytotoxicity
was observed in MB patients and controls;
in PB patients only CD8 cytotoxicity was
increased (Table 3).

The addition of IL-6 plus IL-2 to MB and
control cultures produced a significant en-
hancement of CD4 and CD8 cytotoxicity
(Table 3). This combination of cytokines re-
sulted in a CD4- and CD8-mediated cyto-
toxic activity of MB effector cells similar to
the basal values for the controls. Although a
positive effect was observed in PB patients,
statistical significance was not reached, prob-
ably because of the low number of cases.
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TABLE 3. Effrei of IL-O, IL-2, IIN-y, or IL-4 On cytotoxic activity from CD4 and CD8
T-cell depleted populations. (Number of individuals studied is given in parentheses; results
expressed as mean ± S.E.M.; statistical significance between M. leprae-induced cell cyto-
toxicity of cytokine-treated cells vs M. leprae-induced cell cytotoxicity of untreated cells
determined by Wilcoxon matched-pairs signed rank test.)

Cells
from

Cells incubated
with

Cytotoxicity (%)

CD4 CD8

MB patients Al. leprae (II) 14 ± 1 10+ I
M. leprae +11,-4 (6) ± I ±
Al. leprae + IL-2 (9) 19+3 13 ±
Al. leprae +IFN-y(II) 17 ± 2' 13 +
Al. leproe + IL-6 (11) 17 -± 11+1
Al. leprac + IL-6 + 1FN-y(11) 22 + 3' 14 ± 2'
M. leprae + IL-6 + IL-2 (9) 33 + 9' 21 +

PB patients M. leprae (7) 35+5 40 ± 5
M. leprae + IL-4 (4) 6 ± 13 ±
AL leprae + IL-2 (3) 46+6 50+8
Al. leprae + IFN-y(5) 41^7 46+9
M. /effete + IL-6 (5) 44+8 49 ± 10
M. leprae + IL-6 + IFN-y(5) 48+8 68 ± 1 l'
M. leprae + IL-6 + IL-2 (3) 60+6 68+6

Controls M. leprae (7) 27+2 15 ± 1
Al. leprae + IL-4 (4) 8 ± 0 ±
M. leprae + IL-2 (6) 31 +3` 21 + 7.

M. leprae + IFN-y(7) 39+ 3. 27 ± 2' 1

leprae + IL-6 (7) 37+ 3. 23+ 3'
M. leprac + IL-6 + IFN-y(7) 40 ± 2' 2 8+2°7'

Al. leprae + IL-6 + IL -2 (6) 38 + 24 + 7.

p < 0.05.
p < 0.25.

c p < 0.02.
dp<0.01.

p < 0.001.

As shown in Table 3, the addition of IL-6
plus IFN-yproduced a synergistic effect on
CDS from PB patients (p < 0.05), while this
effect was only observed in CD4 and CD8
effector cells from MB patients (p < 0.05)
by the addition of IL-6 plus IL-2.

DISCUSSION
It is well known that CD4 as well as CD8

T cells are required for protection, but their
relative contribution depends on the
pathogen involved. By infecting nude mice
with M. leprae, Maw, et al. (") have shown
that both CD4 and CD8 T cells are impor-
tant for resistance to M. leprae infection.
An essential role for MHC-class II-depen-
dent immune mechanisms has been demon-
strated in several mycobacterial infections

' 5 ). Functional CD8 T cells are also re-
quired for an effective protection, as has

been demonstrated in MHC-Class I defi-
cient mice (I". ' 5 ) in consistency with previ-
ous reports that described in vitro cytotoxic
CD8 T-cell activation by mycobacteria
( 13 ' 31 ' 31 ). In a previous work, by blocking
assays, we have suggested that in leprosy
patients and normal individuals both cyto-
toxic CD4 and CD8 T cells are generated in
vitm by M. leprae ( 34 ).

In this report, we demonstrate that after 7
days of PBMC culture without any exoge-
nously added growth factor M. leprae-in-
duced CD4 cells from MB patients were
more active than CD8 cells in cytotoxic as-
says; in PB patients, CD8-mediated cyto-
toxic activity tended to be higher than that
of CD4. Kaleab, et a!. (") suggested that a
particulate antigen would favor the genera-
tion of CD8 cytotoxic T cells, but in our ex-
perimental system a particulate antigen,
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such as M. leprae, induced both CD4 and
CD8 cytotoxic T lymphocytes (CTL). The
contribution of these T-cell subpopulations
to the overall cytotoxicity was different in
the three groups studied. Although CD4 T
cells are prominent in tuberculoid granulo-
mas ( 7 ), and induction of CD4 CTL by my-
cobacteria is a general feature ( II, 13, 22, 23. 27) ,

cells expressing serine esterase mRNA, a
marker of CTL, were more abundant in tu-
berculoid leprosy lesions and correlated in
number with the cytotoxic CD8+ 9.3+
(CD28+) cells ( 1 ). Consistent with those re-
sults, the contribution of CD8 effector cells
to the cytotoxic activity was higher than
that of CD4 in PB patients in our experi-
mental system. In controls, the cytotoxic
activity of CD4 cells averaged 27% and that
of CD8 cells, 15%. This may be due to
crossreactivity of BCG with M. /eprae
since control individuals were all BCG-vac-
ciliated (I).

On the other hand, we have previously
shown that IL-2, IFN- yand IL-4 modified
the cytotoxic activity of PBMC from MB
and PB patients ("). In order to determine on
which lymphocyte subset these cytokines
exert their influence, we analyzed their im-
pact on the generation of effector CD4 and
CD8 CTL.

The role of IL-4 in mediating susceptibil-
ity to infections via suppression of cell me-
diated immunity (CMI) has been widely
demonstrated ( 12 ' 2'); mRNA coding for IL-
4 has been detected in lepromatous leprosy
lesions, and CD8 suppressor clones that se-
crete 1L-4 have been obtained from leprosy
patients ( 33 . 40). On the other hand, in M. /ep-
rae-stimulated PBMC from leprosy patients
a heterogeneous pattern of cytokine secre-
tion has been observed in T cells ( 20 ' '4 ). In
our system, the presence of IL-4 abolished
or inhibited the generation of CD4 effector
cells in MB and PB patients and controls.
The development of CD8 effector cells
from MB patients and controls was com-
pletely abrogated, while in PB patients this
inhibitory effect was less evident. Although
IL-4 has been described as a differentiation
factor of CTL activity, our results are in ac-
cordance with those of Parronchi, et al. (")
who studied the generation of CD4 human
1 3 13D-specific T-cell lines or clones. In their
system, the addition of IL-4 produced a de-
pressive effect on cytolytic activity (").

Moreover, CD4 and CD8 T cells lost their
cytotoxic function by downregulation of
IFNI-y( 5  -5 )). So, in our case, the effect of IL-
4 in Pl3 patients could be attenuated by the
production of IFN-y, as has been observed
in lesions (") and in M. lepme-stimulated
(PBMC) (").

The presence of IL-2 during the induc-
tion of CTL enhanced CD8 cytotoxicity in
MB patients. IL-2 plays an essential role in
the induction of CD8 CTL differentiation
(IS), as was demonstrated in IL-2 "knock-
out" mice by the lack of differentiation of
CTL precursors into effector cells ("). It
has been demonstrated that growth and dif-
ferentiation of CD8 T cells depends on IL-2
secreted by CD4 T cells or exogenously
added IL-2 ( 2 ). It is well known that MB pa-
tients fail to produce IL-2 ( 1 ) upon M. /ep-
rae-stimulus. Therefore, the addition of this
cytokine to the cell cultures could induce
the activation of CD8 precursor cytotoxic
cells. In PB patients, although IL-2 en-
hanced CD4 and CD8 cytotoxicity, more
patients should be studied in an effort to at-
tain statistical significance.

There is growing evidence that 11 7 1\1-y is
central to protective immunity against my-
cobacterial infections by activating the bac-
tericidal activity of macrophages. IFN-y is
released by T cells ( 17 ) and modulates pro-
liferative as well as effector T-cell re-
sponses 3 '). In our system. the addition of
IFN-y enhanced the cytotoxic activity of
both CD4 and CD8 lymphocyte subpopula-
tions obtained from MI3 patients and nor-
mal controls. Likewise, it has been shown
that the addition of IFN-y to bulk cultures
favored the development of CD4 T cells
into clones that possess cytolytic activity
( 28 ).

Several groups have shown recently that
IL-6 can induce CTL development ( 25 3°),
and its role in mycobacterial infections is
not clear. IL-6 induced CD4 cells to pro-
duce IL-2 and IL-4 which are the mediators
for final differentiation of CD8 CTL ( 30).
The enhancement of CD4 cytotoxicity from
controls and MB patients, and of CD8 cyto-
toxic activity from controls by the addition
of 1L-6, may be explained by the induction
of IL-2 secretion from CD4 T cells, or CD8
precursors that produce and use IL-2 ( 3 ).
Although, IL-6 had only a slight effect on
CD4 cytotoxicity in NIB patients, the simul-
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taneous addition of IL-2 and 11,-6 to MB
cells produced a synergistic effect on both
CD4 and CD8 effector cells, resulting in the
highest values of cytotoxic activity. IL-6
has been observed in lesions ('') as well as
in PI3MC from leprosy patients ('`'). IL-6,
with other type 2 cytokines, would he ex-
pected to promote antibody production and
suppress T-cell responses ( 37 . 12 ). Quite the
opposite, our results show that 11,-6 acts as
an important signal in the development of
M. hprae-induced cytotoxicity. Thus, al-
though in [NI, lesions a type 2 cytokine
pattern is observed, an increase in IL-6 se-
cretion and the presence of IFN-y and IL-2
( 7 . 11 ) would favor the induction of CTL ac-
tivity, resulting in the clearance of macro-
phages harboring inycobacteria.

On the other hand, type I cytokines like
IFN-yhave been detected in tuberculoid le-
sions ("). Here, we demonstrate that in PB
patients, CD8 cytotoxicity was significantly
enhanced by IL-6 plus IFN-y So one may
assume that the presence of these cytokines
could contribute to enhance WIC-class I
restricted cytotoxicity. It has been demon-
strated that CD8 T cells might interact in
vivo with Schwalm cells (s`'): hence the
presence of a CD8-mediated cytotoxic ac-
tivity in PB patients could explain the nerve
damage observed in these patients and in
reactional states.

Our results therefore suggest that IL-6 in
combination with 1FN-y or IL-2 would be
important for the generation and/or modula-
tion of CTL in leprosy patients. Further-
more, the resultant M. hprae-specific CTL
activity could he responsible for the protec-
tion as well as the tissue damage in M. lep-
rae infection.

SUMMARY

In the present study we evaluated the
contribution of CD4 and CD8 T cells to the
antigen-specific cytotoxic activity induced
by whole Mycobacterium leprac in leprosy
patients and normal controls (N) as well as
the modulation of this activity by some cy-
tokines. Peripheral blood mononuclear cells
(PBMC) from N or from leprosy patients
were stimulated with antigen in the pres-
ence or absence of cytokines for 7 days.
M. hprae-stimulated PBMC were depleted
of CD4 or CD8 antigen-hearing cells and
employed as effector cells in a 4-hr I 'Cr]-

release assay against autologous M. leprae-
pulsed macrophages. Our results demon-
strate that both CD4 and CD8 T cells con-
tribute to M. hp/we-induced cytotoxic ac-
tivity, with differences observed in
paucibacillary (PI3) and multibacillary
(MB) patients. CDS-mediated cytotoxic ac-
tivity is higher than that of CD4 cells in PB
patients, while in M[3 patients CD4 cyto-
toxicity is predominant.

Our data also demonstrate that the gener-
ation of CD4 and CD8 cytotoxic T lympho-
cytes (CTL) can be modulated differentially
by interleukin-4 ( IL-4), 11,-6, gamma inter-
feron (1FN-y), or IL-2. Although MI3 pa-
tients developed the lowest CTL response,
cytokines such as IL-6 plus IL-2 or 1FN-y
were able to generate both CD4 and CD8
cytotoxic T cells from MI3 patients. In PB
patients, IL-6 plus IFN-y displayed the
highest stimulation on CD8 effector cells.
Thus, an important role may be assigned to
IL-6, together with IL-2 or IFN-y, in the
differentiation of M. hprae-specific CTL
effector cells.

RESUMEN

En el presents estudio evaluamos Ia contribuciOn
de las celulas T 0)4 y CI)8 en la actividad citonixica
antigeno-especifica inducida por Itlycobacterittm lep-
roe integral, en pacientes coil lepra y en commies
sanos (N), asi como la modulaciOn de esta actividad
por algunas citocinas. Para esto, las celtdas mononu-
cleares de sangre periferica (MN) de personas N o de
pacientes con lepra, se incubaron durante 7 dias con el
antigen°, en presencia o en ausencia de citocinas. Las
celulas MN estimuladas con M. /eprae se depletaron
de las celulas C1)4 o CD8 y se emplearon como celu-
las efectoras en cnsayos de liberaciOn de ''Cr de 4 h,
contra macrOfagos parasitados con 41. leprue. Nuestros
resultados demostraron que tanto las celulas CI)4
como las C1)8 coniribuyeron a la actividad citotOxica
inducida por A/. leprae, antique hubieron diferencias
entre los pacientes paucihacilares (PB) y los multi-
bacilares (NIB). I.a actividad citotOxica mediada por
CD8 es mayor que la mediada por las celulati CD4 en
los pacientes P13, mientras que en los pacientes MB Ia
actividad citotOxica de as celtdas CI)4 es la predomi-
name. Nuestros resultados tambien demuestran que la
generticiOn de linfocitos T citotOxicos CI)4 y CD8
(CFI.) puede ser moclulada diferencialmente por las in-
terleucinas IL-4, IL-6, interfer(in gamma (IFNy), o IL-
2. Aunque los pacientes MB desarrollaron as respues-
tas citotOxicas nitis bajas, la IL-6 Inds la IL-2 o el
1FN y, fueron capaces de general - celulas T citotOxicas
tanto CD4 como CI)8 ell los pacientes NIB. En los pa-
cientes P13, la IL-6 intis el 1FNyexhibieron la maxima
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eapacidad estimulante sabre las celtilas efectoras CI)8.
Asi, la IL-6, junto con la IL-2 o el IFN y, parecen ju;_zar
tin papel importante en la di ferenciaciOn de las celulas
T citotOxicas especiticas pant M. leprue.

RF.SUMF,

Notts avons i'!vaiic dans l'etude presents la contri-
bution des cellules CD4 et CD8 dans ('activite cyto-
toxique antig tniquement specifiquc induite per le My-

cobacterium leprac entier chez des 'naiades de la lepre
et des temoins 110111aUX itillSi quc la modulation de
setts activite par certaines cytokines. Des cellules
mononucleaires du sang peripherique (CMSP) de te-
monis et de malades de la lepre oat etc stimulees avec
l'antigene en presence ou absence des cytokines pen-
dant 7 jours. Les CMSP stimulees par At. leprue ont
etc debarassees de (curs cellules CD4 ou CDS por-
teuses d'antigenes et employees comme cellules effec-
trices dans un test de liberation 4-hr InCrl vis-a-vis des
macrophages autologues stimules par Al. leprue. Nos
resultals demontrent que les cellules CD4 et CD8
contribuent touter deux a l'activite cytotoxique induite
par, M. leprue, avec des differences observees chez les
patients paucibacilllaires (P13) et multibacillaires
(MB). L' activite cytotoxique des CD8 est plus elevee
que celle des Minks CD4 chez les patients P13, alors
(Inc chez les patients MB, la cytotoxicite CD4 est pre-
dominante.

Nos donnees demontrent egalement que la produc-
tion de lymphocytes T cytotoxiques (LTC) CD4 et
CD8 pent etre modulee de maniere differenciee per
l'interleukine-4 (IL-4), l'interleukine-6, l'interferon
gamma (IFN-y), ou 1'11,-2. Bien quc les patients NIB
aient montre la plus faible reponse LTC, des cytokines
telles que IL-6 plus IL-2 on interferon-yetaient capa-
Hes d'induire la production de cellules T cytotoxiques
CD4 et CD8 chez les patients MI3. Chez les patients
PB, l'IL-6 plus IFN-y amontre la stimulation la plus
elevee stir les cellules effectrices CD8. En consequence,
un rifle impoltant pent etre aurribue a l'IL-6, ainsi qu'a
1'11,-2 et a l'IFN-ydans la differenciation des cellules el-
fectrices LTC specifiques vis-a-vis de M. leprue.
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