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Dharmendra Antigen but not Integral M. leprae is an
Efficient Inducer of Immunostimulant Cytokine
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Lipids Inhibit the Cytokine Production'’
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Leprosy is a disease in which pathology
and immunology are inextricably related
('"). Recent studies in the mouse model sug-
gest that the immunologic deviation results
from the balance between two types of T-
helper cells: Thl cells, producing inter-
leukin-2 (IL-2) and gamma interferon (IFN-
y), stimulate cell-mediated immunity
(CMI), while Th2 cells, producing IL-4, IL-
5 and IL-10, stimulate antibody production
('"). The cytokines produced by one popula-
tion interfere with the action of the other
population. It has been suggested that the
cytokines from T cells and macrophages,
including IFN-v, IL-4 and IL-12, induce the
differentiation of primitive T-helper cells
(ThO) into either type of cells ('"-*°). In hu-
mans, it is reported that IL-2 and IFN-y
mRNA, products of Thl cells, were evi-
dently expressed in tuberculoid leprosy le-
sions while IL-4, IL-5 and IL-10 mRNA,
products of Th2 cells, were expressed in
lepromatous lesions (**).

Macrophages are cells interacting with
Mycobacterium leprae in the early phase of
infection in which M. leprae are able to
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grow. Since macrophages produce a variety
of cytokines and present antigen to T cells,
the primary interaction between macro-
phages and M. leprae may be pivotal in de-
termining the immunological deviation. IL-
1, IL-6 and TNF are the major cytokines pro-
duced by macrophages, and these cytokines
stimulate immunological and inflammatory
reactions (*). In contrast, the IL-1 receptor
antagonist (IL-1ra), which also is produced
by macrophages, counteracts IL-1 action by
competitively binding to the IL-1 receptor
(*?). Therefore, macrophage function is
regulated by a balance of these immuno-
stimulatory/proinflammatory and immuno-
suppressive/antiinflammatory cytokines.

In our previous paper, we studied the
ability of M. leprae and M. bovis BCG to
induce cytokine production by human
monocytes (**). M. leprae appeared to be a
very poor inducer of immunostimulatory
cytokines compared to BCG, but they did
induce a comparable level of IL-1ra. Based
on the results, we suggested that M. leprae
may escape the host’s defense by evoking
little immunostimulatory cytokine produc-
tion. We also considered the possibility that
a strain of M. leprae capable of inducing
the production of immunostimulatory cy-
tokines could be obtained, and that this
strain might be suitable for vaccination.
Killed integral M. leprae have been used
for the diagnosis of M. leprae infection as
Mitsuda antigen and as a component of the
Convit vaccine, a mixture of killed M. lep-
rae and live BCG (°). Dharmendra antigen
(Dh-Ag) is free of chloroform-soluble
lipids, including specific phenolic glyco-
lipid-1 (PGL-I), a potential immunosup-
pressive component, and has been used for
the evaluation of CMI in patients (°).
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In this study we have compared the abil-
ity of killed integral M. leprae and Dh-Ag in
inducing cytokines by human monocytes.
The effects of the lipids from M. leprae on
cytokine production was also studied.

MATERIALS AND METHODS

Reagents. Human recombinant IL-1¢ (2
x 107 U/mg) and TNF-o (2 x 10° U/mg)
were provided by Dr. M. Yamada of the
Dainippon Pharmaceutical Co., Osaka,
Japan; human recombinant IL-2 by Shi-
onogi Co., Osaka, Japan; human recombi-
nant IL-6 by Dr. Y. Akiyama of the Aji-
nomoto Co., Yokohama, Japan. Concen-
trated buffy coat from healthy donors was
supplied by the Aichi Red Cross Blood
Center, Aichi, Japan. RPMI 1640 and
polymyxin B were purchased from Sigma
Chemical Co., St. Louis, Missouri, U.S.A.,
and fetal bovine serum (FBS) was pur-
chased from Bocknek, Toronto, Canada.

Mycobacteria. M. leprae, Thai-53 strain,
were grown in the foot pads of nude mice
(). The mouse foot pads were aseptically
removed, minced with scissors and homog-
enized with 7H12 medium. After centrifug-
ing the homogenate for 10 min at 100 X g,
the supernatants were obtained and again
centrifuged for 20 min at 3500 X g. The pel-
lets were resuspended with 7H12 medium
and the bacillary number was determined
by the method of Shepard and McRae (*).
The bacillary number was consistent with
that counted under the microscope with a
hematocytometer. Freeze-dried M. bovis
BCG were obtained from the Japan BCG
Company, Tokyo, Japan, and heat-treated at
120°C for 20 min. BCG were suspended
with phosphate buffered saline (PBS).
These mycobacteria were homogenized by
mild sonication. The bacillary number was
counted under the microscope with a hema-
tocytometer. Heat-killed M. leprae were ob-
tained by treating them at 120°C for 15 min.

Preparation of Dh-Ag. Dh-Ag was pre-
pared according to the method of Dharmen-
dra (7). M. leprae, Thai 53 strain grown in
nude mice, were killed by treating the cells
at 120°C for 20 min, and then extracted
with 25 volumes of chloroform at 4°C for 3
days. After removing the chloroform by
evaporation, the cells were washed with
ether. After drying, the pellet was dispersed
in an aqueous solution containing 0.45%
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NaCl and 0.5% phenol. The suspension was
again heat treated at 120°C for 15 min, and
used as Dh-Ag. The final concentration of
phenol was 0.02% at 107 bacilli/ml, and at
that dosage the phenol did not affect cy-
tokine production from the monocytes.
Preparation of lipids from M. leprae.
The lipids from M. leprae were prepared by
the method of Bligh and Dyer (?). M. lep-
rae, Thai 53 strain (7.4 x 10” bacilli) grown
in nude mice, were suspended in 1 ml of
PBS. To the suspension, 3.75 ml of C:M
(chloroform : methanol, 2:1 v/v) solution
was added, and then vigorously shaken for
2 min. To the mixture, 1.25 ml of chloro-
form was added, shaken for 30 min, and
then 1.25 ml of PBS was added and again
shaken for 30 min. The final mixture was
centrifuged at 1150 X g X 5 min, and then
the chloroform layer was obtained. To the
residual water layer 2 ml of chloroform was
added, and the same extraction procedure
was repeated. The chloroform layer thus
obtained was combined with the former
chloroform layer. The pooled chloroform
extracts were evaporated, and the residue
was dissolved with the C:M solution to
achieve a concentration equivalent to 10"
bacilli/ml, and stored at —20°C until used. A
total of 0.027 g of lipids was obtained.
Preparation of monocyte supernatants.
The buffy coat from healthy donors was di-
luted 1:3 in Hank’s balanced salt solution
(HBSS). The mononuclear cells (MNC)
were separated over Ficoll-Hypaque,
treated with lysis buffer (0.017 M Tris-HCI,
pH 7.65, containing 0.75% NH,CI) to re-
move contaminant erythrocytes and plate-
lets, washed twice in HBSS, and suspended
in RPMI 1640 medium supplemented with
100 U/ml of penicillin G, 100 ug/ml of
streptomycin, and 15 mM HEPES. The
number of monocytes was estimated by in-
cubating the cell suspension in a hematocy-
tometer at 37°C for 3 min in air containing
5% CO,, and then counting the spreading
cells. The spreading cell number was con-
sistent with that of cells adhering to the tis-
sue culture plate. One ml of the MNC sus-
pension containing monocytes (1 x 10°
cells/ml) was added to each well of a 24-
well plate (Falcon, Lincoln, New Jersey,
U.S.A.). After 2 hr of culturing at 37°C in
air containing 5% CO,, the cells were
washed twice with HBSS and 80% to 90%
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of the adherent cells were monocytes as de-
termined by morphological criteria with
Giemsa staining and the ability to phagocy-
tose latex beads. To the adherent mono-
cytes, 1 ml of RPMI 1640 supplemented
with 1% fresh human AB serum containing
M. leprae or Dh-Ag was added. The cells
were then cultured at 37°C. Prior to the ad-
dition of M. leprae and Dh-Ag, the cells
were homogenized by a mild treatment
with sonication using a well-type sonicator
(Bransonic 220) for 1 min. Although the
medium was endotoxin-free according to
the Limulus amoebocyte assay (sensitivity
limit of 0.1 ng/ml), we usually added poly-
myxin B (5 pg/ml) to the culture, except for
the stimulation with lipopolysaccharide
(LPS), to rule out the possible effect of an
undetectable level of endotoxin. After each
culture period, the supernatants were ob-
tained by centrifugation.

Phagocytosis of monocytes of M. leprae
and Dh-Ag and morphological examina-
tion. The monocytes (1 x 10° cells/ml)
were cultured in RPMI 1640 medium sup-
plemented with 1% fresh human AB serum
with M. leprae and Dh-Ag on cover slips in
24-well culture plates. After culture for 24
hr, the cover slips were washed and stained
with acid-fast reagents. Phagocytosis of the
mycobacteria by the monocytes and mor-
phological changes were examined under
the microscope.

Assay for IL-1 activity. IL-1 activity
was determined by a proliferation assay
with an IL-1-dependent mouse T-cell line
(DION4M) which was provided by Dr. S. J.
Hopkins of the University of Manchester,
U.K. (). In brief, cells were cultured in
RPMI 1640, 10 mM HEPES, antibiotics, 5 X
10-* M 2-mercaptoethanol, 10% FBS, Con-
canavalin-A (ConA; 3 ug/ml), 1L-2 (40 U/
ml) and standard recombinant human IL-I &
or test samples. Cells (1 x 10*) were cultured
in wells of flat-bottom microtiter plates at
37°C in 5% CO, in air. After 3 days of cul-
ture, cell proliferation activity was assessed
by the MTT method ('°). After solubiliza-
tion of formazan with 20% sodium dodecyl
sulfate (SDS) and 50% dimethyl formamide
in water, the absorbance at 595 nm was
measured in an ELISA autoreader (Bio-Rad
Laboratories, Richmond, California, U.S.A.).
IL-1 activity was expressed as the unit
equivalent to standard recombinant IL-1cx.
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Assay for IL-6 activity. The biological
activity of IL-6 was measured by its prolif-
erative action on the IL-6-dependent
murine hybridoma clone MH60.BSF2 pro-
vided by Dr. T. Hirano of Osaka University,
Japan ('%). Proliferation was measured by
the MTT method. One unit of IL-6 activity
was defined as the reciprocal of the dilution
of samples that exhibited 50% of the maxi-
mum response.

Assay for TNF activity. The activity of
TNF was determined by a L929 fibroblast
cell lytic assay (*°). Briefly, 100 ul of a sus-
pension of TNF-sensitive mouse L929 fi-
broblast cells (5 x 10° cells/ml) was cul-
tured with serially threefold diluted test
samples in wells of a flat-bottom microtiter
plate at 37°C for 18 hr in air containing 5%
CO, in the presence of actinomycin D (1
ug/ml). After culture, the plates were
washed, and the cell lysis was determined
by staining the plates with crystal violet
(0.5%) in methanol-water (1:25 v/v). Hu-
man recombinant TNF-a was used as a
positive control to give 100% lysis. After
solubilizing the dye-stained cells with 0.1
ml of 0.1% SDS, the dye uptake was mea-
sured by an ELISA autoreader. One unit of
TNF activity was defined as the reciprocal
of the dilution of samples that lysed 50% of
the L929 cells.

Determination of IL-1ra. IL-1ra con-
tent was determined by an ELISA using
mouse monoclonal antibody (1gG) and rab-
bit polyclonal antibody (IgG) against re-
combinant human IL-Ira. Briefly, the sam-
ples and standard IL-1ra were added to the
wells of 96-well plates precoated with
mouse monoclonal IgG against IL-1ra. Af-
ter washing, the rabbit polyclonal IgG
against IL-1ra was added, and then reacted
with goat horseradish peroxidase-conju-
gated anti-rabbit 1gG followed by incuba-
tion with the enzyme substrate solution (0.4
M citrate-0.2 M sodium phosphate buffer
containing 11 mg/ml o-phenylenediamine,
0.01% H,0,). The plates were read at 490
nm by an ELISA autoreader.

RESULTS

Comparison of cytokine production by
monocytes stimulated with M. leprae and
Dh-Ag. In order to compare the ability of
M. leprae and Dh-Ag in the induction of
IL-1, IL-6, TNF and IL-Ira by human
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monocytes, monocytes (1 x 10° cells) were
cultured with varying numbers of heat-
killed M. leprae and Dh-Ag. Because a pre-
vious study showed that optimal cytokine
production by monocytes stimulated with
M. leprae or BCG and phagocytosis of the
bacilli required the presence of fresh human
serum, in this study monocytes were cul-
tured in the presence of 1% fresh human
serum (**). Under the culture conditions, M.
leprae and Dh-Ag were equally phagocy-
tosed by monocytes as determined by acid-
fast staining, and there were no apparent
morphological changes in the monocytes
(data not shown). Previous kinetic studies
showed that IL-1, IL-6 and TNF produc-
tions were maximum after 24 hr of culture,
but IL-1ra production increased with the
duration of the culture period. Therefore,
the IL-1, IL-6 and TNF contents were de-
termined after 24 hr of culture, and IL-1ra
after 72 hr of culture. Killed BCG were
used as a positive control because they have
been shown to be a very potent inducer of
these cytokines. Two representative results
of five healthy donors are shown in Figure
1. Unstimulated monocytes produced none
of these cytokines. Small amounts of TNEF,
IL-1 and IL-6 were induced by 10”/ml of M.
leprae. However, M. leprae at 10%ml in-
duced only trace amounts of cytokines. Al-
though the data are not shown, 10°/ml M.
leprae did not induce these cytokines. In
contrast, large amounts of TNF, IL-1 and
IL-6 were induced by Dh-Ag at either 107
or 10%ml. At 10°ml Dh-Ag still induced
these cytokines. The maximum potency of
Dh-Ag to induce TNF, IL-1 and IL-6 was
almost comparable to that of BCG. In con-
trast, there was not much difference be-
tween M. leprae and Dh-Ag in the produc-
tion of IL-Ira. Although the data are not
shown, all donors exhibited similar re-
sponses to these stimuli.

Effect of lipids from M. leprae on cy-
tokine production. We extracted the lipids
from M. leprae, and examined whether or
not they induced cytokine production by
monocytes. However, the lipids at concen-
trations equivalent to 10% to 10° bacilli/ml
induced no detectable TNF, IL-1, IL-6 or
IL-1ra (data not shown). In order to deter-
mine the effect of the lipids on the cy-
tokine-inducing ability of Dh-Ag, mono-
cytes were pretreated with the lipids for 6
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hr, and then the cells were stimulated with
Dh-Ag. As shown in Figure 2, the produc-
tions of IL-1, IL-6 and TNF were all inhib-
ited in a dose-dependent manner by the
lipid pretreatment. Although in donor 2 IL-
1 production was not affected by the lipids,
in the other four donors the production was
consistently inhibited (data not shown).
Lipids at concentrations as high as equiva-
lent to 10" bacilli/ml did not affect the bio-
assay of these cytokines. In addition, the
lipids were not toxic to monocytes as
judged by determinations of trypan blue ex-
clusion, cell number, or MTT staining.

We then examined the effect of the lipids
at a concentration equivalent to 10* bacilli/
ml on the cytokine-inducing ability of other
stimuli, BCG and LPS. The effect of the
lipids on IL-1ra production was also exam-
ined. As shown in Figure 3, although the
lipids again inhibited the stimulating effect
of Dh-Ag, they did not inhibit the effects of
BCG or LPS. The slight inhibitory effect of
the lipids on IL-6 production in response to
BCG was not observed in any other donor
(data not shown). IL-Ira production was
not influenced by pretreatment with the
lipids. Although we conducted experiments
with varying concentrations of BCG and
LPS using monocytes of two other donors,
again, the lipids were unable to inhibit cy-
tokine production (data not shown).

DISCUSSION

Dh-Ag has been used for a very long
time to evaluate CMI in leprosy patients (7).
However, there has been no investigation of
its interaction with monocytes. In this
study, we demonstrate the marked differ-
ence between integral M. leprae and Dh-Ag
in regard to their ability to induce cytokine
production from human monocytes. Our
previous studies using FBS and human
serum, either untreated or heat-inactivated,
demonstrated that phagocytosis and the cy-
tokine-inducing ability of M. leprae were
optimum in the presence of fresh human
serum (**). It is reported that complement
C3 binds to PGL-1in M. leprae, thereby fa-
cilitating phagocytosis of the bacilli by
fresh monocytes through the complement
receptors CR1 and CR3 ("). Therefore, our
findings support this idea. In addition, we
consider fresh human serum more physio-
logic to use than heat-inactivated human
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FIG. 1. Cytokine production from human peripheral blood monocytes stimulated with M. leprae, Dh-Ag or
BCG. Monocytes (1 x 10° cells/ml/well) were cultured for 24 hr or 72 hr with or without killed M. leprae, Dh-
Ag (107 to 10/ml/well), or killed BCG (10%/ml/well). After culture, concentrations of IL-1, IL-6, TNF and IL-1ra
in the culture supernatants were determined. Mean + S.D. of triplicate cultures is shown.

serum or FBS. Thus, in this study the ex-
periments were conducted in the presence
of fresh human serum.

It was considered that Dh-Ag may be
more refractory to phagocytosis because
lipids, including PGL-I, were removed
from the bacilli. However, we failed to ob-
serve any differences between Dh-Ag and
M. leprae with respect to phagocytosis
probably because other components are
also involved in the phagocytosis. On the
other hand, it is possible that components

generated by the chloroform treatment may
contribute to the phagocytosis. In M. tuber-
culosis, the terminal mannose of lipoarabi-
nomannan (LAM) is reported to participate
in the binding and phagocytosis of the
bacilli (*°). Since most of M. leprae LAM
could not be removed under our experimen-
tal conditions, this possibility is likely.
Irrespective of the similarity in phagocy-
tosis between M. leprae and Dh-Ag, there
were many differences in cytokine induc-
tion. TNF, IL-1 and IL-6 stimulate immune
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Effect of pretreatment with lipids from M. leprae on cytokine production from monocytes stimulated

with Dh-Ag. Monocytes (1 x 10° cells/ml/well) were pretreated with varying concentrations of the lipids (equiv-
alent to 10% to 10° bacilli/ml) for 6 hr. Dh-Ag was then added and the cells were cultured for another 24 hr. Con-
centrations of IL-1, IL-6 and TNF in the culture supernatants were determined. Mean = S.D. of triplicate cultures

is shown.

reactions through activation and/or induc-
tion of proliferation or differentiation of im-
mune cells, including monocytes/macro-
phages, T cells, B cells and natural killer
cells. These cytokines are known to regu-
late the function and/or production of each
other in both positive and negative man-
ners. In monocytes or macrophages, TNF
induces IL-1 and IL-6, and IL-1 induces
TNF and IL-6 (*). In contrast, IL-6 is unable
to induce IL-1 or TNF, but it instead sup-
presses the production of IL-1 and TNF (%).
As previously shown, M. leprae were very
poor inducers of TNF, IL-1 and IL-6. The
poor ability of M. leprae was not the result
of the heat treatment of the bacilli because
live M. leprae also were unable to induce
much cytokines from monocytes. In con-
trast, Dh-Ag appeared to be a potent in-
ducer of these cytokines. Since the levels of
induced cytokines by Dh-Ag at 10%ml were
the same as those induced by M. leprae at
107/ml, Dh-Ag is about 10-fold more potent
than M. leprae. Since the efficiency of
phagocytosis was not different, the differ-

ence seems to be due to post-phagocytosis
events.

In contrast to these cytokines, IL-1ra (an
immunosuppressive cytokine) was induced
comparably by M. leprae and Dh-Ag. IL-
Ira interferes with the binding of IL-1 to its
receptors, thus inhibiting the action of IL-1
as well as the cascade reaction induced by
IL-1 both in vitro and in vivo (**). Since
macrophage function is determined by the
balance between immunostimulatory and
immunosuppressive cytokines, Dh-Ag ap-
peared to be a more efficient immunostimu-
lant than M. leprae. It has been reported
that Dh-Ag induced a higher lymphocyte
proliferative response than integral M. lep-
rae in both tuberculoid leprosy patients and
normal individuals (*?'"). Our present find-
ings provide a basis for the differences in
these two preparations as to their ability to
stimulate lymphocyte proliferation.

The differences between whole M. leprae
and Dh-Ag are quite interesting. We show
that the lipids from M. leprae alone induced
none of these cytokines, and that pretreat-
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Effect of lipids from M. leprae on cytokine production from monocytes stimulated with various stim-

uli. Monocytes (1 x 10° cells/ml/well) were pretreated with the lipids (equivalent to 107 bacilli/ml) for 6 hr. Dh-
Ag (107/ml), BCG (10%ml) or LPS (100 ng/ml) were added, and the cells were cultured for another 24 hr or 72
hr. Concentrations of IL-1, IL-6, TNF and IL-1ra in the culture supernatants were determined. Mean = S.D. of
triplicate cultures is shown. The amount of IL-Ira was determined in the pooled supernatants of triplicate cul-
tures. Data from one of two representative donors with similar results are shown,

ment of monocytes with the lipids inhibited
the production of all of the cytokines, ex-
cept IL-1ra, from monocytes stimulated
with Dh-Ag. However, we were unable to
observe the inhibitory effect when mono-
cytes were stimulated with BCG or LPS.
Therefore, the inhibitory effect seems to be

specific to Dh-Ag. This finding is interest-
ing when considering the specific anergy
against M. leprae antigen in lepromatous
leprosy patients. The inhibitory effect was
not due to a cytotoxic effect of the lipids be-
cause the lipid-treated monocytes exhibited
no reduction in cell viability, cell number,
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or MTT staining. Therefore, the lipids ap-
pear to be responsible for the poor potency
of M. leprae in the induction of cytokines.

M. leprae lipids contain PGL-I and LAM.
PGL-I is a strong antibody-generating anti-
gen in patients, although the antibody does
not contribute to the host defense against
M. leprae ('). Since PGL-I is a major lipid
component of M. leprae and is associated
with the outer surface of the bacilli, it is
thought to work as a virulence factor. In
lepromatous patients the serum level of an-
tibody against PGL-I is high and the
“foam” seen in heavily infected macro-
phages characteristic of the lepromatous
granuloma is thought to contain much
PGL-I. It has been reported that PGL-I in-
hibited the oxidative response of human
monocytes stimulated with M. leprae, but
did not affect the stimulating effects of
other stimuli, such as PMA, zymosan, BCG
or M. kansasii (*7). It has also been stated
that PGL-I inhibited the production of IL-1,
IL-6 and TNF from human monocytes
stimulated with LPS (**). Although, in our
study, the inhibitory effect of the lipids was
specific to Dh-Ag, we must wait for the pu-
rification of the suppressive molecule to as-
certain its specificity. In any case, it is pos-
sible that PGL-I functions as a suppressive
factor for the induction of cytokines.

Another candidate for the suppressive en-
tity is LAM. LAM from avirulent, but not
virulent, M. tuberculosis induced TNF pro-
duction by murine macrophages or human
monocytes ('*'%). LAM from M. leprae not
only inhibited T-cell proliferation, it also in-
duced a refractory response to IFN-vy in
mouse macrophages to kill or inhibit the
multiplication of a subsequent infection
with Toxoplasma gondii (*'). In addition,
LAM from M. leprae did not induce TNF
from murine macrophages ('). It is of note,
however, that LAM is covalently linked to
the peptidoglycan, and that most of the
LAM is associated with Dh-Ag. Dh-Ag is
still more potent than M. leprae in cytokine
induction. Therefore, it is unlikely that
LAM from M. leprae is the predominant
suppressive molecule for cytokine produc-
tion in human monocytes.

Cytokines, especially IFN-y and TNEF,
alone or in synergy, activate macrophages
to kill intracellular mycobacteria ('°). Our
study, therefore, suggests that the lipids of
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M. leprae play a role in escaping the
macrophage-killing effect by suppressing
the induction of cytokines. Also, the lipids
are important to the inhibition of the accu-
mulation and/or activation of granulocytes
and macrophages by inhibiting the produc-
tion of IL-1 and TNF because these cy-
tokines are potent inducers of chemokines.

It is known that vaccination requires an
adjuvant which is a potent inducer of cy-
tokines from monocytes or macrophages.
Indeed, killed integral M. leprae are used as
Convit vaccine in the concomitant presence
of live BCG (*°), a potent inducer of im-
munostimulant cytokines. Since Dh-Ag is
mostly free from PGL-I, and is able to in-
duce much cytokine production from
monocytes, Dh-Ag may be suitable for vac-
cination.

SUMMARY

Killed integral Mycobacterium leprae,
Mitsuda antigen, and chloroform-treated M.
leprae, Dharmendra antigen (Dh-Ag), have
been used for the classification of leprosy
patients based on cell-mediated immunity.
Heat-killed M. leprae also are used as a
component of the Convit vaccine. Human
blood monocytes were stimulated with M.
leprae or Dh-Ag and their cytokine-induc-
ing ability was compared. Monocytes were
cultured in the presence of fresh human
serum because the efficacy of cytokine in-
duction and the phagocytosis of M. leprae
have been shown to be optimal in the pres-
ence of fresh serum. M. leprae and Dh-Ag
were equally phagocytosed by monocytes.
Dh-Ag was more potent than M. leprae in
the induction of immunostimulatory/proin-
flammatory cytokines, interleukin-1 (IL-1),
IL-6 and tumor necrosis factor (TNF). In
contrast, a comparable level of IL-1ra, an
immunosuppressive cytokine, was induced
by M. leprae and Dh-Ag. The lipids ex-
tracted from M. leprae induced none of
these cytokines by monocytes. Neverthe-
less, when monocytes were pretreated with
the lipids followed by stimulation with Dh-
Ag, productions of IL-1, IL-6 and TNF
were all inhibited in a dose-dependent man-
ner. However, the lipids did not inhibit the
cytokine production induced by other stim-
uli, including BCG and lipopolysaccharide.
Moreover the lipids did not affect the pro-
duction of IL-1ra. These results suggest that
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the lipids from M. leprae are responsible
for the poor cytokine-inducing ability of M.
leprae, thus favoring their infection. These
results also suggest that Dh-Ag rather than
integral M. leprae may be useful as a vac-
cine candidate because Dh-Ag is able to in-
duce a large amount of cytokines from
monocytes.

RESUMEN

Para la clasificacion de los pacientes con lepra se han
utilizado Mycobacterium leprae integral, antigeno de
Mitsuda, y el antigeno de Dharmendra, Ag-Dh (M.
leprae tratado con cloroformo). EI M. leprae muerto
por calor también se ha usado como un componente de
la vacuna de Convit. En este estudio, se estimularon
monocitos de sangre humana con M. leprae o con Ag-
Dh y se compard la capacidad de estos materiales para
inducir la sintesis de citocinas. Los monocitos se culti-
varon en presencia de suero humano fresco porque la
eficiencia de la induccion de citocinas y la fagocitosis
de M. leprae es 6ptima en presencia de este compo-
nente. M. leprae y el Ag-Dh fueron igualmente fago-
citados por los monocitos. El Ag-Dh fue mds potente
que M. leprae en la induccion de las citocinas inmu-
noestimulatorias/pro-intlamatorias: interleucina-1 (IL-
1), IL-6 y factor de necrosis tumoral (TNF). En con-
traste, tanto M. leprae como el Ag-Dh, indujeron la
produccion de cantidades comparables de IL-1ra, una
citocina inmunosupresora. Los lipidos extraidos de M.
leprae no indujeron la sintesis de ninguna de estas
citocinas por los monocitos. Sin embargo, cuando los
monocitos fueron pretratados con los lipidos y luego
se estimularon con el Ag-Dh, se encontré una inhibi-
cion en su produccion de las citocinas IL-1, IL-6 y
TNF, que fue dependiente de dosis. Los lipidos no in-
hibieron la produccion de citocinas inducida por otros
estimulos, incluyendo BCG y lipopolisacdrido.
Ademds, los lipidos no afectaron la produccion de IL-
Ira. Estos resultados sugieren que los lipidos de M. lep-
rae podrian ser los responsables de la pobre capacidad
inductora de citocinas de M. leprae, hecho que favore-
ceria la capacidad infectante del microorganismo. Ya
que el Ag-Dh es capaz de inducir la sintesis de una
gran cantidad de citocinas por los monocitos, este an-
tigeno podria ser mds util que el M. leprae integral
como un candidato a vacuna..

. ,
RESUME

Du Mycobacterium leprae entier tué, I'antigéne de
Mitsuda, et du M. leprae trait¢ au chloroforme,
I’antigéne de Dharmendra, ont été utilisés pour la clas-
sification des malades de la Iepre sur base de leur im-
munité & médiation cellulaire. Du M. leprae tué par la
chaleur est aussi utilisé en tant que composant du vac-
cin de Convit. Des monocytes sanguins humains ont
été stimulés par M. leprae et leur capacité a induire des
cytokines a été comparée. Des monocytes ont été cul-
tivés en présence de serum humain frais parce qu'on a

Nakamura, et al.: M. leprae Lipids Inhibit Cytokine 71

montré que 1’efficacité de I'induction des cytokines et
la phagocytose de M. leprae étaient optimales en
présence de serum frais. M. leprae et I’antigéne de
Dharmendra étaient phagocytés de maniere équiva-
lente par les monocytes. L’antigene de Dharmendra
était plus puissant que M. leprae pour induire les cy-
tokines d’immunostimulation et d’inflammation, I'in-
terleukin-1 (IL-1), IL-6 et le facteur nécrotique tu-
moral (FNT). Par contre, un taux comparable de IL-
Ira, une cytokine immunosuppressive, a été induite par
M. leprae et I'antigéne de Dharmendra. Les lipides ex-
traits de M. leprae n’ont induit la production d’aucune
de ces cytokines par les monocytes. Néanmoins, quand
des monocytes furent pré-traités avec les lipides, puis
stimulés avec I’antigéne de Dharmendra, les produc-
tions d’IL-1, d’IL-6 et FNT furent toutes inhibées avec
une intensité qui était fonction de la dose. Cependant,
les lipides n’ont pas inhibé la production de cytokine
induite par d’autres stimuli, y compris le BCG et le
lipopolysaccharide. De plus, les lipides n’ont pas af-
fecté la production d’IL-1Ira. Ces résultas suggerent
que les lipides en provenance de M. leprae sont re-
sponsables de la faible capacité de M. leprae i induire
des cytokines, favorisant ainsi leur infection. Ces ré-
sultats suggerent également que c’est I'antigene de
Dharmendra, plutdt que du M. leprae entier, qui pour-
rait étre utile en tant que candidat vaccin, parce que
I"antigéne de Dharmendra peut induire la production
de grandes quantités de cytokines par les monocytes.
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