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Recent studies concerning the immune
mechanisms central to the expression of host
resistance to Mycobacterium leprae infec-
tion have revealed interesting profiles with
respect to the T-cell-mediated immune re-
sponse as follows. First, striking differences
were found in the ratio of CD4* T cells
(CD4 T cells) to CD8* T cells (CD8 T cells)
at the poles of the leprosy spectrum (1o ' 14),
i.e., one is the tuberculoid type of leprosy
exhibiting strong cellular immunity against
M. leprae antigens and showing resistance
to the pathogen, and the other is the lep-
romatous type of leprosy lacking in such an
immune response and resistance to patho-
gens (6). The CD4 and CD8 T-cell popu-
lations were found to predominate in tu-
berculoid and lepromatous lesions, respec-
tively (1% ' 14), Second, the immunohisto-
logic studies revealed that CD4 T cells
present in the center of tuberculoid granu-
loma are of the T-memory phenotype and
located near macrophages, thereby indicat-
ing the role of CD4 T cells in mediating
accumulation, activation, and maturation
of macrophages in the leprosy lesions, lead-
ing to restriction and elimination of the or-
ganisms (3 10 11:24)_ On the contrary, in lep-
romatous lesions, a number of CD8 T cells,
expressing the T-suppressor phenotype, were
observed to be admixed with macrophages
and CD4 T cells, thereby suggesting that
CD8 T cells may display their central role

! Received for publication on 31 May 1995; accepted
for publication in revised form on 5 September 1995.

2 W, W, Maw, M.D.; H. Tomioka, Ph.D.; K. Sato,
Ph.D., Department of Microbiology and Immunology;
Y. Yamada, M.D., Ph.D., Department of Dermatol-
ogy, Shimane Medical University, Izumo 693, Japan.
H. Saito, M.D., Ph.D., National Institute for Leprosy
Research, Tokyo 189, Japan.

Reprint requests to Dr. Tomioka.

in the suppression of the cell-mediated im-
mune response (> % 24), Indeed, CD8 T-cell
clones derived from lepromatous leprosy
skin biopsies suppressed the proliferative
response of HLA-D-matched M. leprae an-
tigen-responsive CD4 T-cell clones (**'8).
Third, clear differences in cytokine profiles
were found to occur between tuberculoid
and lepromatous lesions. Levels of mRNA
encoding Type-1 cytokines including
interleukin-2 (IL-2) and interferon-gamma
(IFN-v), produced by Th1l cells (*- 1> '), were
higher in tuberculoid lesions than in lep-
romatous lesions (*°), while those encoding
Type-2 cytokines, such as IL-4, IL-5, and
IL-10, derived from Th2 cells (*: '3 18), were
characteristic of lepromatous lesions (! 25).
Thus, Thl cells in CD4 T-cell populations
are thought to be involved in cell-mediated
immunity to M. leprae infection by pro-
ducing Type-1 cytokines, especially IFN-vy
which potentiates the microbicidal activity
of macrophages (*7). In contrast, either Th2
cells or Type-2 cytokines, especially IL-4
and IL-10 which also are derived from CD8
T cells possessing suppressor T-cell func-
tions (CD8* Ts cells) (*%), might contribute
to the immune unresponsiveness and ele-
vated antibody levels in lepromatous lep-
rosy patients.

These interesting aspects of the immu-
nological profiles of leprosy patients en-
couraged us to study the role of CD4 and
CDS8 T cells in detail by using the experi-
mental model of M. leprae infection in-
duced in mice. In this study, we attempted
to assess the role of CD4 and CD8 T cells
in the expression of host resistance to the
pathogens by adoptive transfer of lympho-
cyte preparations enriched in these T-cell
subsets into M. leprae-infected athymic nude
mice.
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MATERIALS AND METHODS

Mice. Female, 6-week old, BALB/c
athymic nude (nu/nu) mice and 8- to 10-
week-old, BALB/c euthymic (+/+) mice
were purchased from Japan Clea Co., To-
kyo, Japan.

Organisms. M. leprae Thai-53 was ob-
tained from Dr. Matsuoka, National Insti-
tute for Leprosy Research, Japan.

Special agents. Monoclonal rat anti-
L3T4 (CD4) and mouse anti-Lyt-2.2 (CD8)
antibodies were obtained from Caltac Lab-
oratories Inc., South San Francisco, Cali-
fornia, U.S.A and Cedarlane Laboratories,
Ontario, Canada, respectively.

Adoptive lymphocyte transfer. Spleen
cells (SPCs) were collected from BALB/c
euthymic mice as described previously (33)
and adherent cells (mainly macrophages)
were eliminated by applying the spleen-cell
suspension in RPMI-1640 medium supple-
mented with 5% fetal bovine serum (FBS)
(M. A. Bioproducts, Walkersville, Mary-
land, U.S.A.) onto a Sephadex G-10 column
(30-ml bed volume) followed by a 30-min
incubation at 37°C and subsequent elution
with the medium. The resultant lymphocyte
fraction was divided into three portions, and
0.8 ml of each of them was treated with
either anti-L3T4 antibody (200 ug/ml); anti-
Lyt-2.2 antibody (200 ug/ml), or medium
alone at 0°C for 1 hr. After washing with
low toxic medium (Cedarlane Cytotoxicity
Medium), the cells were suspended in a small
volume (ca. 1 ml) of RPMI-1640 medium.
Then, 0.2 ml of each of the resultant cell
suspensions containing 7 to 8 X 107 cells,
i.e., whole lymphocytes, CD4 T-cell-de-
pleted (CD4-depleted) lymphocytes, and
CD8 T-cell-depleted (CD8-depleted) lym-
phocytes, were injected intravenously into
BALB/c nude mice.

Blastogenic response of SPCs. SPCs ob-
tained from normal BALB/c euthymic mice
and BALB/c athymic nude mice with or
without adoptive lymphocyte transfer were
measured for the mitogenic response as pre-
viously reported (?'). Briefly, 2.5 x 10% of
SPCs were cultured in 0.2 ml of 5% FBS-
RPMI-1640 medium containing either 5 or
10 ug/ml of phytohemagglutinin (PHA)
(Difco Laboratories, Detroit, Michigan,
U.S.A) or 50 ug/ml of lipopolysaccharide
(LPS) (Escherichia coli; Difco) in triplicate
wells of flat-bottom microtiter trays (Corn-
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ing Glass Works Co., Corning, New York,
U.S.A.)at 37°C in a CO, incubator (5% CO,—
95% humidified air) for 72 hr. The culture
was pulsed with 0.25 uCi/well of *H-thy-
midine (*H-TdR) (2 Ci/mmol: New En-
gland Nuclear Corp., Boston, Massachu-
setts, U.S.A.) for the final 8 hr. Cells were
collected on glass-filter paper and washed
with physiological saline using an automatic
cell harvester (Mitsumi Kagaku Co., Tokyo,
Japan). The radioactivity was counted in a
liquid scintillation counter (Tri-Carb Lig-
uid scintillation spectrometer, Packard In-
strument Co., Downers Grove, Illinois,
U.S.A).

Experimental infection. M. leprae were
harvested from the infected foot pads (FPs)
of BALB/c nude mice and a bacterial sus-
pension was prepared as follows (?2). The
infected FPs were homogenized in Hanks
balanced salt solution containing 5% FBS
and centrifuged at 200 x g for 5 min. The
upper layer was saved and the bacilli were
collected by recentrifugation at 1500 X g
for 15 min. The bacterial suspension was
again centrifuged at 200 x g for 5 min, and
the upper layer was used as an inoculum for
experimental infection. BALB/c nude mice
given or not given adoptive lymphocyte
transfer were infected subcutaneously with
1.0 x 10° of M. leprae into the right hind
FP. Over a period of 350 days, mice were
killed and the number of acid-fast bacilli
(AFB) in the FP was enumerated according
to the method of Shepard (?°).

RESULTS

Reconstitution of T cells in recipient nude
mice given lymphocyte transfer from eu-
thymic mice. In order to confirm that our
procedures of adoptive lymphocyte transfer
gave a sufficient level of reconstitution of
recipient nude mice with desired T-cell pop-
ulations, including whole T cells, CD4-de-
pleted T cells, or CD8-depleted T cells, we
measured the proliferative response to PHA
and LPS of the SPCs obtained from mice 6
weeks after the T-cell transfer. As shown in
Table 1, SPCs obtained from the recipient
nude mice transferred with whole or CD8-
depleted (enriched in CD4+CD8~ T cells)
lymphocytes showed an appreciable degree
of mitogenic response to PHA at concen-
trations of 5 and 10 ug/ml. On the other
hand, SPCs of mice transferred with CD4-
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TABLE 1. Proliferative response of SPCs obtained from BALB/c euthymic (+/+) or
athymic nude (nu/nu) mice given or not given adoptive lymphocyte transfer.?

Mitogenic response (cpm + SEM.; N = 3)

Mice Lympliocyfe PHA LPS
transfer
(5 pg/ml) (10 pg/ml) (50 pug/ml)
BALB/c cuthymic None 9,116 = 1,677 10,506 + 791 30,562 + 1,327
BALB/c nude None 197 = 53 N.D. 28,408 = 1,151
BALB/c nude Whole lymphocytes 2,368 + 894 N.D. 19,799 + 1,471
BALB/c nude CD4-depleted lymphocytes 193 + 31 4,870 = 507 23,746 + 1,350
BALB/c nude CDS8-depleted lymphocytes 4,056 = 542 7,368 £ 239 22,618 + 1,153

* SPCs were obtained from indicated mice 6 weeks after adoptive transfer of whole, CD4 T-cell-depleted, or
CD8 T-cell-depleted lymphocytes as described in Materials and Methods. SPCs of age-matched control mice
of BALB/c (+/+) and BALB/c (nu/nu) without lymphocyte transfer also were measured for their mitogenic

response. N.D. = not done.

depleted lymphocytes showed a lower level
of proliferative response to PHA at 10 ug/
ml, and they displayed no response to PHA
at 5 ug/ml. This finding is not so enigmatic,
since CD8+*CD4~ T cells differentiated in
athymic nude mice are known to show im-
paired proliferative responses to mitogenic
stimuli, such as ConA, despite sufficient lev-
els of IL-2 production and IL-2 receptor
expression by them (7). Therefore, it seems
that the recipient nude mice were reconsti-
tuted with each of the T-cell populations
with sufficient cell functions 6 weeks after
the adoptive lymphocyte transfer. SPCs of

all the test groups of mice showed similar
levels of LPS-induced blastogenic responses
indicating comparable B-cell function
among the three groups.

In vivo growth of M. leprae in recipient
athymic nude mice given lymphocyte trans-
fer from euthymic mice. Tables 2 and 3
demonstrate the growth of M. leprae inoc-
ulated into the FPs of athymic nude mice
given or not given adoptive lymphocyte
transfer from euthymic mice. In these ex-
periments, mice were infected with M. lep-
rae at 1 (Table 2) or 3 (Table 3) weeks after
the transplantation of the indicated lym-

TABLE 2. Influence of the adoptive transfer of euthymic lymphocytes on bacterial growth
of M. leprae in the recipient athymic nude mice (Experiment 1).

No. Log AFB/FP FP thickness
Lymphoeyte transfer mice AFB/FER (Mean + SEM.) (mm + S.EM)

None 4 6.32 x 10°
1.64 x 10° 8.95 £ 0.35 5.55 = 0.90

3.57 x 10*

1.65 x 10

Whole lymphocytes 4 2.15 x 10
7.17 x 10? 3.90 = 0.16 2.95 + 0.05

3.59 x 10°

7.17 x 10°

CD4 T-cell-depleted lymphocyte 3 <1.79 x 10%
3.59 x 10° 3.35 £ 0.10 3.23 £ 0.29

<1.79 x 10°

CDS8 T-cell-depleted lymphocyte 4 3.23 x 10*
5.92 x 10* 4.29 + 0.21 3.58 £ 0.10

1.08 x 10¢

7.17 x 10°

* Athymic nude mice transferred with indicated euthymic lymphocyte preparations were infected subcuta-

neously with 1 x 10¢ of M. leprae into the right hind FP 1 week after the adoptive lymphocyte transfer. Infected
mice were killed 350 days after infection, measured for FP swelling, and counted for the number of AFB/FP.
®* Normal mice: 3.00 = 0.04 mm.
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TABLE 3. Influence of the adoptive transfer of euthymic lymphocytes on bacterial growth
of M. leprae in the recipient athymic nude mice (Experiment 2).

. No. Log AFB/FP FP thickness
Lymphocyte transfer mice AFR/FP (mean + SEM) (mm + S.EM.,)

None 3 1.05 x 107
9.27 x 10% 9.16 £ 0.17 6.87 = 0.07

3.10 x 10°

Whole lymphocytes 4 1.08 x 10¢
3.59 x 10° 3.52 +0.18 3.10 +£ 0.04

<1.79 x 10°

<1.79 x 10?

CD4 T-cell-depleted lymphocytes 3 <1.79 x 10?
<1.79 x 10? 3.58 £ 0.33 3.03 £ 0.03

1.79 x 10*

CDS8 T-cell-depleted lymphocytes 4 <1.79 x 10°
2.15 x 10* 3.67 = 0.26 3.00 £ 0.04

<1.79 x 10?

7.17 x 10°

» Athymic nude mice transferred with indicated euthymic lymphocyte preparations were infected subcuta-
neously with 1 x 10° of M. leprae into the right hind FP 3 weeks after the adoptive lymphocyte transfer. Infected
mice were killed 350 days after infection, measured for FP swelling, and counted for the number of AFB/FP.

® Normal mice: 3.03 = 0.12 mm.

phocyte preparations. As indicated in Table
2, the bacterial growth at infection sites was
markedly reduced due to the adoptive trans-
fer of whole, CD4-depleted, and CD8-de-
pleted lymphocytes in the order of 5.05-,
5.60-, and 4.66-log units, respectively (p <
0.005; Student’s ¢ test). This indicates that
all of the lymphocyte preparations en-
hanced host resistance to M. leprae in the
recipient athymic nude mice which were
highly susceptible to this infection. Not only
the recipients implanted with CD8-depleted
lymphocytes but also those transplanted
with CD4-depleted lymphocytes showed re-
markable levels of resistance to the organ-
isms. It is of interest to note that the CD4-
depleted lymphocytes (including CD8+ and
double negative T cells) conferred signifi-
cantly higher (p < 0.05; Student’s 7 test)
resistance to the recipient mice as compared
to the CD8-depleted lymphocytes (contain-
ing CD4* and double negative T cells).

As shown in Table 3, a similar result was
obtained when the recipient mice were in-
fected with M. leprae 3 weeks after the lym-
phocyte transfer. In this case, the bacterial
growth was reduced due to the adoptive
transfer of whole, CD4-depleted, and CDS8-
depleted lymphocytes in the order of 5.64-,
5.58-, and 5.49-log units, respectively (p <
0.005; Student’s ¢ test). Transplantation of

CD4-depleted lymphocytes conferred
markedly high levels of resistance to M. lep-
rae infection to the recipient mice. How-
ever, there was no significant difference in
the levels of reduction of the bacterial growth
between mice given adoptive transfer of
CD4-depleted and CD8-depleted lympho-
cyte preparations.

DISCUSSION

Previous investigation by Lowe, ez al. (°)
have demonstrated the ability of adoptively
transferred T lymphocytes from M. leprae-
immunized mice to sublethally irradiated
recipient CBA mice to increase host resis-
tance to M. leprae. In relation to this, Shan-
non, et al. (*°) indicated that adoptive trans-
fer of splenic leukocytes from heterozygote
BALB/c (nu/+) mice with or without im-
munization with M. leprae alone, BCG
alone, or a mixture of the two antigens to
recipient BALB/c nude mice induced re-
versal reactions in terms of FP inflamma-
tion and swelling, decreased morphological
indices of the bacteria, and granuloma for-
mation characterized by lymphocyte infil-
tration and epithelioid cells. In addition,
they showed that the efficacy of donor leu-
kocytes in inducing a response to M. leprae
was in the order of cells from mice immu-
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nized with M. leprae + BCG, M. leprae
alone, and BCG alone, followed by cells from
naive mice. These findings indicate impor-
tant roles of sensitized T lymphocytes and
their immunological reactions in the ex-
pression of host resistance to M. leprae.

In this study, we have attempted to eval-
uate the precise role of CD4 or CD8 T cells
in the expression of host resistance to M.
leprae by carrying out the adoptive transfer
of lymphocyte preparations enriched in the
two T-cell subsets into M. leprae-infected
athymic nude mice. As indicated in Tables
2 and 3, both CD4 and CD8 T cells actually
participated in the expression of host resis-
tance to the organisms. In particular, the
transplantation of euthymic splenic lym-
phocytes depleted of CD4 T cells (consisting
of CD8* and double negative T cells) con-
ferred somewhat higher resistance than did
the lymphocyte preparation depleted of CD8
T cells (consisting of CD4* and double neg-
ative T cells). In CD4 T-cell populations.
Thl cells are thought to play an important
role in the expression of protective immu-
nity to M. leprae infection by mobilizing
cellular immunity due to abundant produc-
tion of Type-1 cytokine, IFN-y and IL-2
(3 15.18.25),

On the other hand, in CD8 T-cell popu-
lations, Tc subsets (Type-1 CD8 T cells) (‘%)
seem to participate in the expression of host
resistance, presumably by destroying M.
leprae-infected macrophages and nonmye-
loid cells, which are incapable of mobilizing
effective antimicrobial effector mechanisms
to the organisms even after lymphokine
stimulation, through target-cell lysis, as pro-
posed by Kaufmann, et al. (> ¢) for the case
of M. tuberculosis infection. Moreover, the
CDS8 T cells may up-regulate microbicidal
function of macrophages by producing cer-
tain kinds of macrophage activating cyto-
kines including IFN-v, tumor necrosis fac-
tor-a, and granulocyte-monocyte colony
stimulating factor (GM-CSF) (> '7). In fact,
some CD8 T cells can produce sufficient
amounts of IFN-v after appropriate stim-
ulation with antigen, accessory cells, and IL-
2, leading to activation of macrophages to
exert a substantial level of anti-M. tuber-
culosis activity (*%). In addition, allo-anti-
gen-specific cytolytic CD8 T-cell lines de-
rived from human peripheral blood lym-
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phocytes were found to produce a compa-
rable amount of IFN-y as compared to
Type-1 CD4 T-cell lines ('%). In any case,
the present finding is consistent with the
concept that both CD4 and CD8 T lym-
phocytes are required for the acquisition and
expression of resistance against mycobac-
terial infections, including tuberculosis (°).
However, it may be noted that in M. tu-
berculosis infection, depletion of either the
CD4 or the CD8 T-cell subset resulted in a
significant increase in bacterial growth, and
CD4 T-cell-depleted mice showed more se-
vere effects ('¢). This feature is considerably
different from our finding as described
above, that is, in M. leprae infection, trans-
fer of CD4-depleted lymphocytes caused
more reduced bacterial growth than did
CD8-depleted lymphocytes (Table 2).
Therefore, there may be some difference in
the mechanisms of the expression of T-cell-
dependent protective immunity between M.
leprae infections and M. tuberculosis infec-
tions.

In our recent study, IFN-y was found to
cause a weak elevation of host resistance to
M. leprae infection, when given intramus-
cularly to athymic nude mice at the dose of
10* units/mouse, once weekly from day 91
to 180, causing a 0.35-log unit decrease in
the number of AFB in the infected FPs at
day 300 after infection, as compared to that
of the control mice (manuscript in prepa-
ration). The GM-CSF lacked such in vivo
activity. Therefore, IFN-y or GM-CSF alone
is not sufficiently efficacious in activating
host macrophages to exert antimicrobial ac-
tivity against M. leprae. IFN-y may require
collaboration with some other lymphokines
in order to fully potentiate the microbicidal
capacity of macrophages against M. leprae.
Our separate experiments also indicated that
the combined administration of newly syn-
thesized benzoxazinorifamycin, KRM-1648
(*?), with IFN-y but not with GM-CSF
caused appreciably increased therapeutic ef-
ficacy against M. leprae in mice. This sup-
ports the concept that IFN-v contributes to
the host resistance to M. leprae infection by
activating the antimicrobial function of
macrophages. Further studies on the roles
of various T-cell subsets and their cytokines
in the expression of protective immunity
against M. leprae infection are under way.
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SUMMARY

The contribution of CD4+ or CD8+ T
cells in the host resistance to Mycobacteri-
um leprae was investigated. Athymic
BALB/c nude mice were infected subcuta-
neously with M. leprae into the foot pads 1
or 3 weeks after adoptive transfer with
whole, CD4 T cell-depleted, or CD8 T cell-
depleted lymphocyte fractions prepared
from spleen cells (SPCs) of euthymic
BALB/c mice. SPCs from all of the recipient
mice showed nearly the same levels of pro-
liferative responses to phytohemagglutinin
(PHA) and lipopolysaccharide, except that
those of mice transferred with CD4 T cell-
depleted lymphocytes showed somewhat
reduced mitogenic responses to PHA. Sig-
nificantly potentiated host resistance to the
infection was seen, as evidenced by the ob-
viously reduced bacterial growth in all three
groups of recipient mice compared to that
seen in control mice, that is, 4.7- to 6.4-log
unit decreases in the bacterial loads were
observed. Levels of the reduction conferred
by CD 4 T cell-depleted lymphocytes were
comparable to that of CD8 T cell-depleted
lymphocytes. This suggests that both CD4
and CDS8 T cells are important for the ex-
pression of resistance to M. leprae infection.

RESUMEN

Se investigd la contribucion de las células TCD4 y
TCDS en la resistencia del huésped a la infeccién por
Mycobacterium leprae. Se inocularon ratones BALB/c
desnudos (atimicos) con M. leprae en las almohadillas
plantares, una 6 3 semanas después de la transferencia
adoptiva de células T totales, de células T depletadas
de CD4, o de células T depletadas de CD8 provinientes
del bazo de ratones BALB/c eutimicos. Los espleno-
citos de los animales que recibieron células T totales
o células depletadas de linfocitos TCD8, mostraron
respuestas proliferativas comparables cuando se esti-
mularon con fitohemaglutinina (PHA) o lipopolisa-
carido. Los animales recipientes de células depletadas
de linfocitos TCD4 mostraron respuestas proliferativas
reducidas. Comparados con los animales control, los
animales recipientes de células de los tres grupos mos-
traron una significativa potenciacion de su resistencia
a la infeccion. Esto se dedujo del reducido crecimiento
bacteriano en los 3 grupos de animales recipientes (dis-
minuciones en las cargas bacterianas del 6rden de 4.7
a 6.4 unidades log). Los niveles de reduccion de la carga
bacteriana conferidos por las células depletadas de lin-
focitos TCD4 fueron comparables a los conferidos por
las células depletadas de linfocitos TCDS8. Esto sugiere
que que tanto las células CD4 como las células CD8
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son importantes en la expresion de resistencia a la in-
feccion por M. leprae.

RESUME

On a investigué la contribution des cellules T CD4 +
et CD8 + dans la résistance de I’hdte au Mycobacterium
leprae. Des souris nues athymiques BALB/c ont été
infectées par voie sous-cutanéc avec du M. leprae dans
le coussinet plantaire des paties une a trois semaines
aprés un transfert de fractions lymphocytaires soit
complétes, soit appauvries en cellules T CD4, soit ap-
pauvries en cellules T CD8 préparées a partir de cellules
spléniques (SPC) de souris BALB/c cuthymiques. Les
cellules spléniques de toutes les souris receveuses mon-
traient presque les mémes niveaux de réponses proli-
fératives a la phytohémagglutinine (PHA) et au lipo-
polysaccharide, sauf que les cellules spléniques des sou-
ris ayant requ des lymphocytes appauvris en cellules T
CD4 montraient des réponses mitogéniques a la PHA
quelque peu réduites. On a observé une résistance sig-
nificativement renforcéc de I’hdte a I'infection, comme
elle a été mise en évidence par la croissance bactérienne
visiblement réduite dans les trois groupes de souris
receveuses, par comparaison aux souris témoins; c’est-
a-dire qu’on a observé une réduction des charges bac-
tériennes de 4.7 4 6.4 logs. Les niveaux de la réduction
provoquée par les lymphocytes appauvris en cellules
T CD4 étaient comparables a ceux provoqués par les
lymphocytes appauvris en cellules T CD8. Ceci suggére
que les cellules T CD4 et CD8 sont loutes deux im-
portantes pour l'expression de la résistance vis-a-vis
de I'infection par M. leprae.
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