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ture rational attempts to cultivate M. leprae
with notable advantages to our approach.
Most importantly, our starting inoculum of
M. leprae was freshly obtained for each ex-
periment from infected nu/nu mice main-
tained under conditions designed to maxi-
mize M. leprae viability (**). We also were
able to rapidly quantify the metabolic ac-
tivity of M. leprae using the RR technique
adapted by Franzblau (**). This assay can
readily detect activity from as few as 10°
bacilli with the results available in 1 wk
(compared to 6 to 12 months when titrated
in mouse footpads). RR data correlates well
with other in vitro systems ('*) but, more
importantly, as shown in a recent series of
36 separate experiments, RR metabolic data
correlated well with “viability” studied in
the so-called “gold standard” mouse foot-
pad system (*?).

Whether intracellular or extracellular, M.
leprae clearly prefers temperatures cooler
than normal human body temperature, lend-
ing experimental credence to the clinical
observations of generations of leprologists
regarding the distribution of M. leprae in
the cooler, permissive sites in human dis-
ease, the skin and mucous membranes of
the upper respiratory tract. These studies
also confirm and extend the results of
dozens of other in vitro experiments (*?)
where 37°C appeared to be highly detri-
mental to M. leprae viability.

Under conditions of an effective celluar
immune (CMI) response, M® are likely a
major anti-microbial effector cell in host
capacity to cope with the leprosy bacillus.
We have previously shown that mouse M®,
activated by interferon (IFN-vy), kill or in-
hibit a wide variety of intracellular path-
ogens (**), including M. leprae (*?). En-
hanced fusion of secondary lysosmes with
M. leprae-containing phagosomes occurs in
activated M® (*°) and is accompanied by
the enhanced production of reactive oxygen
(ROI) and nitrogen intermediates (RNI) as
potent anti-microbial mechanisms (*). We
have subsequently shown in vivo in trans-
genic knock-out mice and in vitro in M®
from these mice that ROI are relatively in-
effective in comparison to the potent effects
of RNI in host defense against M. leprae
("*). However, although the enhanced pro-
duction of RNI by activated M® is likely a
principal antimicrobial mechanism, in each
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of our studies, normal M® produced a mea-
surable baseline level of RNI, insufficient to
rapidly kill bacilli but perhaps sufficient to
inhibit the long term viability of the fastidi-
ous, intracellular leprosy bacillus.

In choosing TGF and IL-10 as the cy-
tokines that might bolster the intracellular
survival of M. leprae, we were attempting
to down regulate any innate ability of the
normal M® to cope with the organism.
TGF-B is produced by activated M® and
other inflammatory cells and has a broad ar-
ray of modulatory functions on the immune
response. TGE-P has been shown to inter-
fere with M® antimicrobial mechanisms in-
cluding generation of ROI (**) and RNI (7),
and has been shown to enhance the intracel-
lular growth of M. tuberculosis in human
monocytes (*'). However, as employed in
the present studies with mouse M® exoge-
nous TGF-B had no detectable effect on
sustaining intracellular M. leprae viability,
a finding perhaps attributable to the en-
hanced innate antimicrobial ability of hu-
man monocytes in comparison to human
monocyte derived M® (*) which are more
akin to resident mouse peritoneal M®.

In contrast, supplementing media with
IL-10 clearly affected the long term viabil-
ity of M. leprae in mouse M®. IL-10 is pro-
duced in TH1 responses by T cells, B cells
and M® ('-2%), IL-10 has been shown to be
a potent down-regulator of CMI to intracel-
lular pathogens (**). In vivo, endogenous
IL-10 dampened the CMI response to avir-
ulent mycobacterial infection (*) and ap-
peared to lead to loss of control of M. tu-
berculosis infection with widespread dis-
semination (°). IL-10 functions in part at the
level of the macrophage by attenuating in-
ducible nitric oxide synthase (iNOS)
mRNA expression, iNOS activity and, by
inference, NO production (*?). In vitro, ex-
ogenous IL.-10 inhibited production of ni-
tric oxide (NO) in M® infected with
Babesia merozoites (7). In our own studies,
IL-10 did markedly inhibit the production
of NO by IFN-activated M®s but any inhi-
bition by IL-10 of baseline production of NO
by normal M®s was below the limits of de-
tection of the NO, assay (data not shown).
Exogenous IL-10 also interferes with IFN-
induced antimycobacterial M® activities as
shown in studies with M. bovis ('?).

In addition to sustained metabolism of M.

—212—



24 International Journal of Leprosy

leprae, we also explored a morphological
parameter of M. leprae vitality within cul-
tured macrohages, bacillary elongation.
Nakamura, et al. reported the elongation of
M. lepraemurium in culture medium (**),
and in 1969 Chang and Anderson (*) evalu-
ated intracellular growth of M. leprae-
murium in cultured mouse peritoneal M®
over a 12 to 17 week period and observed
marked elongation of bacilli well before the
appearance of bacillary multiplication. In
our studies, in addition to sustained or en-
hanced metabolism, intracellular elongation
of individual bacilli was observed after 4
weeks culture in murine M® maintained
with IL-10. Elongation was first observed
with the light microscope and subsequently
confirmed with the transmission electron
microscope. A drawback to the use of the
TEM for such observations is that unlike
light microscopy which revealed the bacilli
at their full intracellular length, processing
for the TEM required sectioning infected
M® with no certainty that the full length of
each bacillus was cut. Nevertheless suffi-
cient numbers of clearly elongated bacilli
were seen to confirm the light microscopy
findings. Similarly, in preliminary studies
with armadillo peripheral blood monocyte
derived M® maintained at 33°C for 4 weeks,
intracellular M. leprae were predominently
elongated (data not shown).

Septal formation has been described in
TEM studies from human leprosy biopsies
by Hirata (**) and was occasionally ob-
served by us in individual bacilli under the
- TEM after 4 weeks of incubation of in-
fected mouse M® in the presence of 1L-10.
The small sample size precluded quantifica-
tion but septa appeared to be observed far
less frequently in bacilli in the control M.
Septal formation in M. leprae murium in
the mouse model has been reported to indi-
cate dividing stage of the bacillus, and Hart
and Rees (*°) concluded that elongation in
vitro was an inherent feature of M. leprae
murium that distinguishes it from M. leprae
although it is likely that the M. leprae inoc-
ula employed were of very low viability.
Experiments are currently underway to
study M. leprae in our cell culture system
employing an environmental scanning elec-
tron microscope which by passes the need
for critical point drying and its attendant ar-
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tifacts and will permit quantitation of elon-
gation.

Further work with infected armadillo
M® is also clearly warranted. Other than
having a core temperature of ~33°C, little is
known about the unique characteristics of
Dasypus novemcinctus, the nine-banded ar-
madillo, that render it as a permissive host
for the leprosy bacillus (**). In vivo,
mononuclear phagocytes in virtually every
organ of the natural or experimentally in-
fected armadillo become heavily para-
sitized with propagating M. leprae (**).

The inability to culture M. leprae has un-
doubtedly hindered almost every aspect of
leprosy research, and thus, our understand-
ing of this disease lags behind that of many
others of bacterial etiology. These promis-
ing results represent only preliminary find-
ings, but suggest that this approach of in-
hibiting the innate anti-microbial properties
of the M® to bolster the intracellular sur-
vival of M. leprae may ultimately provide
clues allowing the long sought-after culti-
vation of the leprosy bacillus. /n vitro culti-
vation of M. leprae could make available
for the first time, large quantities of pure
bacilli produced inexpensively under de-
fined conditions. Thus, large amounts of
purlﬁed antigens would be available for ba-
sic and applied immunological studies, in-
cluding the development of specific skin
test antigens and vaccine preparations. The
time and cost of screening new drugs and
susceptibility testing of clinical isolates
would also be greatly reduced. Our under-
standing of leprosy epidemiology might in-
crease by determining the existence of hu-
man carriers, non-human reservoirs, or envi-
ronmental sources of M. leprae. Phenotypic
variation among cultured worldwide iso-
lates could become feasible as might the
generation and characterization of mutants.
Finally, cultivation of M. leprae, in concert
with the genome project, would clearly en-
hance our understanding of the physiology
of this fastidious pathogen, including eluci-
dation of metabolic pathways, studies of
virulence mechanisms, drug resistance and
the factors underlying “persistence.”
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Abstract

Macrophages are one of the most abundant host cells to come in contact with
mycobacteria. However, the infected macrophages less efficiently stimulate
autologous T cells iz vitro. We investigated the effect of the induction of
phenotypic change of macrophages on the host cell activities by using Mycobac-
terium leprae as a pathogen. The treatment of macrophages with interferon-y
(IFN-y), GM-CSF and interleukin-4 deprived macrophages of CD14 antigen
expression but instead provided them with CD1la, CD83 and enhanced CD86
antigen expression. These phenotypic features resembled those of monocyte-
derived dendritic cells (DC). These macrophage-derived DC-like cells
(MACDC) stimulated autologous CD4" and CD8Y T cells when infected
with M. leprae. Further enhancement of the antigen-presenting function and
CD1a expression of macrophages was observed when treated with IFN-y. The
M. leprae-infected and -treated macrophages expressed bacterial cell membrane-
derived antigens on the surface and were efficienty cytolysed by the cell
membrane antigen-specific CD8™ cytotoxic T lymphocytes (CTL). These
results suggest that the induction of phenotypic changes in macrophages can

lead to the upregulation of host defence activity against M. leprae.

Introduction

The extent of mycobacterial spread is closely associated
with the disease severity and is controlled by bacterial
antigen-specific cell-mediated immunity. The activation
of CD4" and CD8" T-cell subsets is induced by cell-
cell contact with antigen-presenting cells (APC), which is
therefore the most critical host defence component against
mycobacterial infection {1-3]. The mycobacteria reside in
phagosomes of macrophages but restrict the capacity of the
phagosomes to fuse with late endosomes/lysosomes [4] and
avoid getting being processed. These observations suggest
that mycobacteria-infected macrophage less efficiently
express the bacterial antigens on their surface. Further-
more, macrophages generally lack the activity to load pep-
tide derived from exogenous protein or bacterial protein to
major histocompatibility complex (MHC) class 1 mol-
ecules. Therefore, it is assumed that macrophages are
resistant to MHC-restricted-killing activities of cells such
as CTL allowing mycobacteria to reside and hide in
macrophages.

Here, we tried to upregulate the APC function of
macrophages in order to enhance the host defence activity.

278

Leprosy, caused by Mycobacterium leprae infection,
provides a useful model to evaluate immunoregulatory
mechanism against an intracellular pathogen, because the
disease extent is closely associated with the potential of
host defence activicy. M. leprae preferentially infects
macrophages and Schwann cells [5-7] and induces clinical
manifestation mainly in skin and peripheral nerves. How-
ever, the disease shows broad spectrum with the various
skin manifestations from single lesion (tuberculoid
leprosy) to almost entirely disseminated one (lepromatous
leprosy). The mechanism that produces this broad spectrum
involves the extent of cell-mediated immune response to
M. leprae. We previously reported that macrophages
phagocytosed M. leprae, but their antigens are not fully
expressed on the surface of macrophages, which results in
reduction or avoidance of their contact with T cells [8]. In
addition to macrophages, monocyte-derived dendritic cells
(DC) are well-characterized subset of professional APC,
capable of stimulating both naive and memory type auto-
logous CD4" and CD8™ T cells [9-11]. We also demon-
strated that, in contrast to macrophages, the DC expressed
M. leprae-derived antigens on the surface and stimulated

© 2004 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 60, 278-286
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both T-cell subsets to produce interferon-y (IFN-y) which is
a representative type 1 cytokine and is considered to be
associated with the killing of intracellular mycobacteria
[2, 12]. Thus, DC can evoke the activation of type-1 T cells
and control the multiplication of . lej)me [8, 13-15].

Macrophages are the most abundant primary cell type
to come in contact with M. leprae and are frequently seen
in inflamed tissues. These macrophages are thought to play
a role in initial antimycobacterial immune responses for
the better control of bacterial spread. Therefore, we tried
to induce phenotypic changes in M. lgpraeinfected
macrophages to DC-like cells and examined their antigen-
presenting activities such as stimulation and differentiation
of T cells into type-1 cells. Furthermore, we examined
their susceptibility to killing activities of M. leprae-derived
antigen-specific CTL.

Materials and methods

Preparation of cells and bacteria. Peripheral blood was
obtained under informed consent from healthy, but

PPD-positive, individuals. Peripheral blood mononuclear

cells (PBMC) were isolated using Ficoll-Paque Plus
(Pharmacia, Uppsala, Sweden) and cryopreserved in liquid
nitrogen until use, as previously described [16]. Macro-
phages were differentiated by culturing plastic adherent
CD14"% monocytes with RPMI 1640 medium containing
M-CSE (R&D Systemns, Minneapolis, MN, USA) [17].
For preparation of the monocytes, CD3™ T cells were
removed from either freshly isolated heparinized blood
or cryopreserved PBMC using immunomagnetic beads
coated with anti-CD3 monoclonal antibody (Dynabeads
450, Dynal, Oslo, Norway), and the plastic adherent cells
were used as monocytes [16]. Monocyte-derived DC were
differentiated from the monocytes [16, 18]. Briefly, the
monocytes were cultured for 5 days in the presence of
50 ng of recombinant GM-CSF (Pepro Tech EC LTD,
London, UK) and 10ng of rIL-4 (Pepro Tech) per ml.
tGM-CSF and (IL-4 were supplied every 2 days.
Macrophage-derived DC (MACDC) were differentiated
from macrophages as follows. Macrophages were treated
with 300 U/ml of IFN-vy during last 24 h of 3-day culture.
On day 3, macrophages were washed, and the media were
replaced with media containing rGM-CSF and rIL-4. The
production of MACDC was conducted by using the same
protocol to that of DC. In some cases, M. leprae-infected
or -uninfected macrophages, MACDC and DC were
further treated with indicated doses of maturation and
activation factors for DC including CD40 ligand (L)
(Pepro Tech) or lipopolysaccharide (LPS) (Escherichia coli
0111: B4, Difco Laboratories, Detroit, MI, USA).

M. leprae (Thai-53) was obtained from footpads of
BALB/c-nul/ny mice. The isolated bacteria were counted
by Shepard’s method [19] and were frozen at —80 °C until
use. The viability of M. leprae was assessed by using
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fluorescent diacetate/ethidium bromide tesc {20]. The
macrophages and DC were infected with M. leprae by
coculturing at indicated multiplicity of infection (MOI).
The MOI was determined upon an assumption that all
macrophages and DC were susceptible to infection with
M. leprae. The macrophages and DC were previously
shown to be similarly susceptible to the bacterial infection
in vitro [8].

Analysis of cell-surface and intracellular antigens. The
expression of cell-surface antigens on macrophages,
MACDC and DC was analysed using FACScalibur (Becton
Dickinson Immunocytometry System, San Jose, CA,
USA). About 1x10* live cells were analysed. For analysis
of cell-surface antigens, the following monoclonal anti-
bodies were used: FITC-conjugated monoclonal anti-
bodies against HLA-ABC (G46-2.6, BD Biosciences, San
Jose, CA, USA), HLA-DR (L243), CD14 (Lcu-M3,
Becton Dickinson) and CD86 (FUN-1, BD Biosciences)
and phycoerythrin-labelled monoclonal antibodies against
CD83 (HB15a, Immunotech, Marseille, France). Murine-
unlabelled monoclonal antibody to CDla (NA1/34,
Serotec, Oxford, UK) was also used and was visualized
by FITC-labelled goat E(ab’); antimouse immunoglobulin
G (IgG) (Tago-immunologicals, Camarillo, CA, USA).
Purified rabbit polyclonal antibodies (pAbs) to cell-wall
proteins, cell membrane fractions and cytosol fractions of
M. leprae each depleted of lipoarabinomannan (provided
by Drs J. Spencer and P. J. Brennan, Colorado Stare
University) were used. The details of the preparation are
available at hetp://www.cvmbs.colostate.edu/mip/leprosy.
Among the M. leprae-derived fractions, membrane fraction
was the most antigenic in terms of activation of adaptive
immunity [21]. We also used pooled sera from 10
untreated lepromatous leprosy patients who were classified
according to clinical criteria (WHO) based on skin smears
(given by Dr H. Minagawa, Leprosy Research Center,
Tokyo, Japan) {8]. FITC-conjugated murine antihuman
Ig (Tago-immunologicals) was used as secondary antibody
for detection. The optimal concentrations of monoclonal
antibodies, pAbs and patient’s pooled sera were deter-
mined in advance.

Assessment of APC functions of macraphages, MACDC and
DC. The ability of macrophages, MACDC and DC
infected with M. leprae to stimulate autologous T cells_
was assessed using an autologous stimulator T-cell-mixed
reaction as previously described (8, 18], The stimulators
such as macrophages, MACDC and DC were treated with
50 ug/ml of mitomycin C, washed extensively to remove
extracellular bacteria and were used as a stimulator. CD4™
and CD8" T cells purified using immunomagnetic beads
coated with monoclonal antibodies to CD8 and CD4,
respectively, were used as a responder population.
Responder cells (1x10°/well) were plated in 96-well,
round-bottom tissue culture plates, and stimulators were
added to give an indicated stimulator responder T-cell
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ratio. The T-cell proliferation during the last 10h of a
4-day culture in the presence of 4% heat-inactivated
human serum was quantified by incubating the cells with
1 uCi/well of [PH]-thymidine.

Assessment of cyrokine production. Levels of the following
cytokines were measured: IFN-y and IL-10 produced by
CD4" and CD8" T cells stimulated for 4 days with
macrophages, MACDC or DC and IL-12 p70 produced
by M. leprae-infected or -uninfected macrophages and
MACDC upon a stimulation with soluble form CD40L
for 24 h. The concentrations of [FN-y, IL-12 p70 and IL-
10 were quantified using OptEIA ELISA Set available
from BD Biosciences.

Assessment of cytotoxic activity of CD8" T cells. The
susceptibility of M. leprae-infected macrophages and
MACDC to the cytokilling activity of CD8" T cells was
evaluated. Ten thousand macrophages and MACDC,
either uninfected or infected with M. leprae at MOL 5,
were used as a target cell. As an effector population, CD8™
CTL activated by stimulation with autologous DC, which
were pulsed with 15 pg/ml of M. leprae-derived cell mem-
brane fractions, were used. The targeT cells were cocul-
tured for 5h with the effector cells at various effector/

Cell
(M. leprae, MOI1)
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target cell ratios. The supernatant was collected for lactate
dehydrogenase (LDH) release assay. The concentration of
LDH released by target cell death was measured according
to the instructions of the assay kit (Cyto Tox 96® Non-
Radioactive Cytotoxicity Assay, Promega, Madison, WI,
USA). The percent specific killing was calculated as follows:

LDH (test sample) — LDH (spontaneous effector cell level) —
LDH (spontaneous targer cell level)
LDH (total targer cell lysis level) —
LDH (spontaneous target cell level)

Statistical analysis. Student’s rtest was applied to
demonstrate statistically significant differences.

Results

Upregulation of APC function of M. leprae-infected
macrophages

Phenotypic characterization of MACDC was carried out

by analyzing the surface expression of various molecules on
macrophages and MACDC (Fig. 1). There were no

y 381) 3¢ 229 4 5
Macrophage '
© | :‘
E 293| 3 & 260
Macrophage ii
(20) 3id A
i 220| 1., 313 . 6| 4 40
MACDC i
(0) i il i |
A 1 z
i. 215 | 34 289 ol 3. 119 4|3, 47
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(20) i 1 A P i
H C E i i ““ / ¥i
HLA-ABC HLA-DR CD14 CcD86 CD1a cD83

Figure 1 Expression of various molecules on macrophages and macrophage-derived dendriric cell-like cells (MACDC) either uninfected or infected with
Mycobacverium leprae [multiplicity of infection (MOI) 20]. Both macrophages and MACDC were infected with M. leprae for 5 days. The number
represents the difference in mean fluorescence intensity between dotted and solid lines. A representative of three independent experiments is shown.

Dotted line, control monoclonal antibody; solid line, monoclonal antibody.
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apparent difference in the expression of HLA-ABC and
HLA-DR antigens between uninfected macrophages and
MACDC. Also, no significant upregulation of expression
of these molecules was induced by M. leprae infection.
While macrophages expressed CD14 antigen, the surface
CD14 expression on MACDC was completely lost. On
the contrary, the expression of CD86 antigen on MACDC
was higher than thar on macrophages. The expression of
CD1a and CD83 antigens which is DC-specific marker
was induced on MACDC, both of which level was further
upregulated by M. leprae infection. These results indicated
that MACDC showed phenotypic characteristics similar to
monocyte-derived DC, and MACDC were at least
partially activated by M. leprae infection. Further
characterization of MACDC was conducted by comparing

Modulation of T-Cell-Stimulating Function of Macrophages 281

the APC function of MACDC with that of monocyte-
derived DC (Table 1). Both DC and MACDC induced
proliferation of autologous CD4™" and CD8™' T cells in a
bacterial dose-dependent manner, but a higher T-cell
proliferation was induced by MACDC rather than DC.
More than 75% of the MACDC-induced T-cell prolifer-
ation was suppressed by monoclonal antibody to MHC
or CD86 antigens {data not shown). Previously, we showed
that monocyte-derived DC were resistant to exogenous
factors such as LPS and CD40L in terms of APC function
(8], but using MACDC, both factors upregulated the
T-cell-stimulating function of M. leprae-infected, bur not
uninfected, MACDC (Table2). The proliferation of both
CD4% and CD8" T-cell subsets were upregulated in a
manner dependent on the dose of M. leprae.

Table 1 Proliferative response of autologous T cells to Mycobacterium leprae-infected macrophage-derived dendritic cell (DC)-like cells (MACDC)*

CD4 CD8
M. leprae (MOI) Stimulator T/DC 20 407 10t 20
0 DC 1.9+£0.6 1.6£0.5 1.8+£04 1.5£0.3
MACDC 2.11+0.6 1.7 0.5 1.7+04 1.34+0.2
S DC 3.8+0.9% 2.7£0.9% 374121 2,607
MACDC 14,6+ 2.3t 8.0+ 2.01 13.9+ 3.3 10.6+ 2.8
20 DC 6.941.2¢ 7.6+ 1.3% 10.14+2.1§ 8.142.01
MACDC 2234527 17.9 45.0f 21.6+4.1§ 18.2+4.31

*The responder CD4™ and CD8* T cells (1x10%/well) were stimulated for 4 days with an indicated dose of autologous monocyte-detived DC (DC) or
MACDC. MACDC were differentiated from macrophages, either uninfected or infected for 5 days with an indicated dose of A. leprae, by using IFN-y,
tGM-CSF and rlL-4. The proliferation of responder cells was quantified by an incorporation of [*H]-thymidine. Representative of three separate
experiments is shown. Assays were done in triplicate, and results are expressed as mean + SD.

1PH]-thymidine uptake (x10% cpm).
1P <0.05.
SP<0.01.

Table2 Effect of exogenous factors on the antigen-presenting cell function of macrophage-derived dendritic cell (DC)-like cells (MACDC)*

CD4 CDs8

M. leprae (MOI) Tested factor T/DC 20 4071 101 20

0 V None 1.04+0.0 0.840.0 1.3+0.2 0.940.1
LPS 1.5+£0.3 1.240.2 1.7+03 1.240.2
CD40L 2.84+0.2 1.940.2 23+04 1.940.3

5 None 5.7+0.8% 4,5+ 0.71** 4.9+0.49 3.9+ 0.31§
LPS 16.5+2.0f 11.7 4 2.0%* 13.8+£0.79 10.9 £0.9%
CD40L 11.2+03¢ 8.3 £ 0.41 10.4+0.79 7.6+0.8§

20 None 9.341.2% 6.9+ 0.8§ 7.7 +£0.619 6.4-£0.619
LPS 23.3+£2.41 15.7+2.1§ 21.7+2.0% 163+ 1.19
CD40L 16.5+ 0.5 12.340.54 15.0+0.89 119 1.0

*The responder CD4" and CD8™ T cells (1x10°/well) were stimulated for 4 days with aurologous MACDC. MACDC were differentiated from
macrophages, either uninfected or infected, for 5 days with an indicated dose of Mycobacterium leprae, by using IFN-y, tGM-CSF and rIL-4 and were
further treated with exogenous factors including LPS (30 ng/ml) and soluble form of CD40L (1 pg/ml). The proliferation of responder cells was measured
by an incorporation of [’H]-thymidine. Representative of three separate experiments is shown. Assays were done in triplicate, and results are expressed as

mean £ SD.

T[3H]—rhymidine uprake (x10° cpm).
1P<0.005.

§P<0.01.

92<0.001.

**P<0.05.
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Next, the role of exogenous IFN-y on macrophages and
its effect on MACDC production was determined (Fig. 2).
While no apparent alterations were induced by 24 h IFN-y
treatment in the expression of HLA-ABC and HLA-DR
antigens (data not shown), the expression of CDla was
significantly upregulated by IFN-y treatment or by M.
leprae infection. The highest CD1a expression on macro-
phages was achieved when both M. leprae infection and
IFN-y treatment were conducted. Similar upregulation
was observed in the expression of CD86 antigen. More-
over, when the IFN-y treatment was assessed from the
functional aspect, it upregtlated APC function of M.
leprae-infected MACDC (Table 3). The IFN-y treatment
on macrophages significantly upregulated activities of
MACDC to stimulate both CD4" and CD8" T-cell sub-
sets, and 300U/ml of IFN-y provided the optimal
upregulation. However, a sole IFN-y treatment was not
sufficient and both GM-CSF and IL-4 were required for
upregulating the APC function of macrophages (data not
shown).

Then, we examined whether MACDC activated type-1
T cells by measuring IFN-y production by T cells (Table 4).
While both the bacteria-infected and -uninfected macro-
phages, even after being stimulated with an exogenous
IFN-y, did not stimulate autologous CD4" and CD8™
T cells, MACDC derived from M. leprae-infected macro-
phages did stimulate both subsets of T cells to produce
[FN-y. However, neither IL-4 nor IL-10 was produced by
T cells (data not shown). The IFN-y production by T cells
stimulated with MACDC exhibited a bell-shape phenom-
enon. When up to MOI 20 of M. leprae was infected
to precursor macrophages, T cells were activated in a
bacterial dose-dependent manner, but when more than
MOI 20 of the bacteria was infected, the APC function
of MACDC decreased. Similar T-cell activation pattern
was also observed with heatkilled M. leprae (data not
shown). Furthermore, MACDC attained an ability to
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Figure2 Expression of CDla and CD86 antigens on macrophages.
Macrophages were uninfected or infected with Mycobacterium leprae
[multiplicity of infection (MOI 20)] on day 2 of culture and were
subsequently treated with IFN-y (300 U/ml) for 24 b on day 3 of culrure.
The number represents the difference in mean fluorescence intensity
between dotted and solid lines. A representative of three independent
experiments is shown. Dotted line, control monoclonal antibody; solid
line, monoclonal antibody.

Table3 FEffect of exogenous [FN-y on the T-cell-stimulating activity of macrophage-derived dendritic cell (DC)-like cells (MACDC)*

CD4 CD8
M. leprae (MOT) IFN-y (U/m}) T/DC 20 407 101 20
0 0 47412 32411 49420 3.6%1.8
20 0 15.5+3.01 11.54£2.1§ 14.9+1.918 11.4 £ 1.6§
20 100 25.7£2.81 18.9£2.7§ 23.2+£2.2% 1844249
20 300 33.6+2.91 26.1£3.08 32.7+3.08 26.3£3.0§
20 1000 111445 09406 11.9£1.6 88407

*The responder CD4" and CD8™' T cells (1x10°/well) were stimulated for 4 days with an indicated dose of autologous MACDC. MACDC were
produced from macrophages, either uninfected or infected with Mycobacterium leprae for 5 days at multiplicity of infection (MOI) 20 and treated with an
indicated dose of IEN-y. The proliferation of responder cells was measured by an incorporation of [*H]-thymidine. Representative of three separate

experiments is shown. Assays were done in triplicate, and results are expressed as mean & SD.

$[°H)-thymidine uptake (x10° cpm).
$P<0.001.
§P<0.005.
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Table4 Production of IEN-y by stimulated T cells and IL-12 p70 by Mjycobacterium leprac-infected macrophage-derived dendritic cell (DC)-like cells
(MACDO)*

CD4 CD8
Stimulator M. leprae (MOI) T/DC 20 401 101 20 IL-121 (pg/ml)
M@ 0 0.040.0 0.0+£0.0 0.1£0.1 0.14+0.0 4.6+0.9
5 0.2+0.0 0.1£0.0 0.2+£0.0 0.31+0.0 3.0+1.0
20 0.1+0.0 0.1£0.1 0.3+0.1 0.1£0.1 0.2£0.0
MACDC 0 6.2+0.8% 3.1+£0.789 5.44+1.0§ 2.94+0.8§** 11.4+9.19™
5 73.0£2.3§ 22.6+0.89 34.3+£2.1§ 11.1+1.0§ 43.6 £ 7.4%
20 173.5+6.9$ 82.3+£2.1§ 84.9+3.1§ 3114+ 1.9 56.1+8.89
80 192+ 1.4 9.5+£1.0 15.6+£0.9 7.7%£0.9 Not detecred

*The responder CD4" and CD8" T cells (1x 10°/well) were stimulated for 4 days with an indicated dose of autologous macrophages or MACDC.
MACDC were differentiated from macrophages, either uninfected or infected for 5 days with an indicated dose of M. leprae, by using IFN-y, tGM-CSF
and rIL-4. The concentration of IEN-y produced by stimulated T cells was measured by ELISA.

Macrophages and MACDC (2x10%/well) were stimulated in the presence of CD40L for 24 h and the concentration of IL-12 p70 was measured.
Representative of three separate experiments (IFN-y and IL-12 production) is shown. Assays were done in triplicate, and results are expressed as
mean = SD.

$IFN-y (pg/ml).

$.P<0.0005.

9P <0.0001.

**P<0.001.

produce IL-12 p70 by sdmulation with CD40L. The
infection of MACDC with M. leprae further upregulated
the cytokine production. However, macrophages did nor
produce the cytokine by any stimuli such as CD40L or
M. leprae infection.

Susceptibility of MACDC to CTL-killing activity

We examined the expression of M. leprae-derived anti-
gens on the MACDC by using leprosy patient sera and
pAbs to subcellular components of the bacteria, as it has
been reported that leprosy sera detected M. leprae-derived
antigens on the bacteria-infected DC [8]. M. leprae-
infected MACDC expressed molecules which reacted
with sera obtained from leprosy patients (Fig. 3). Further-
more, these mycobacteria-infected MACDC were also
positively stained with pAb to cell membrane fraction
of M. leprae but did not react to pAbs against cell wall
or cytosol fractions. These results may suggest that
MACDC expressed cell membrane components on the
surface. In order to clarify the significance of expression
of membrane components, we assessed whether A
leprae-infected MACDC could be more efficiently killed
by M. leprae cell membrane-specific CTL than the
bacteria-infected macrophages (Fig.4). In a previous
report, we showed that CD8" T cells, stimulated in
vitro with M. leprae-derived cell membrane fraction-
pulsed DC, produced intracellular perforin [21]. In this
experiment, we used these perforin-producing CD8*
T cells as an effector population. While CD8" T cells
stimulated with DC unpulsed with any specific antigens
did not kill either macrophages or MACDC regardless of

the bacterial infection (data not shown), CD8% T cells
stimulated with cell membrane-pulsed DC did kill
M. leprae-infected, but not uninfected, target cells.
More than 50% of M. leprae-infected MACDC were killed

M. leprae
(MOI)

— 9]

—
—e

20

Leprosy sera MLM pAb

MLW pAb  MLC pAb

Figure3 Expression of Mycobacterium leprae-derived molecules on
macrophage-derived dendritic cell-like cells (MACDC). MACDC were
differentiated from macrophages either uninfected or infected with an
indicated dose of M. leprae for 5 days and wete stained with lepromartous
leprosy patients’ sera and polyclonal antibody (pAb) to M. leprac
subcellular fractions. The number represents the difference in mean
fluorescence intensity berween dotted and solid lines. A representative of
three independent experiments is shown. MLC, M. /eprae cytosol fraction;
MLM, M. leprae cell membrane fraction; MLW, M. leprae cell-wall
fraction. Dotted line, normal rabbit immunoglobulin G; solid line, pAb.
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Figure4 Susceptibility of Mycobacterium leprae-infected macrophage-
derived dendritic cell-like cells (MACDC) to M. leprae-derived membrane
antigen-specific CTL. M. leprae-derived membrane antigen-specific
CD8* CTL were differentiated from CD8Y T cells by stimulation
with the antigen-pulsed autologous mature DC as described previously
[21] and were used as effector cells. Macrophages and MACDC either
uninfected or infected with M. leprae (MOL 5) for 5 days were cocultured
with effector cells for 5 b at the indicated E/T ratio. lactate dehydrogenase
released by cells were measured. The mean & SD of triplicate assay and a
representative of three independent experiments is shown.

at the E/T ratio of 30, and these MACDC were more
efficiently killed than the bacteria-infected macrophages.

Discussion

We tried to induce phenotypic change in mycobacteria-
infected macrophages and examined its effect on the host
defence activity such as antigen-presenting capacity and
the sensitivity to CD8" CTL. It is known that M. leprae-
infected macrophages produce IL-10 and stimulate T cell
less efficiently [22], and in our hands too, the infected
macrophages did not stimulate T cells vigorously, even
after being treated with exogenous IFN-y (Table 4). We
have previously demonstrated that monocyte-derived DC
also exhibited similar iz vitro susceptibility to M. leprae
infection, but in contrast to macrophages, the DC stimu-
lated aurologous T cells [8]. However, when the DC were
infected with a low number of bacteria, they did not
vigorously stimulate T cells, and additional stimulation
by bacterial subcellular components was necessary for
induction of significant T-cell activation [21]. The exact
reason for the less efficient T-cell-activating ability of
M. leprae is not fully uncovered but might be due to scarcity
of antigens on the surface of M. leprae as a consequence of
large number of pseudogenes in their genome [23]. On the
other hand, from the aspect of host defence, these observa-
tions indicate the necessity to recruit professional APC,
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which can initiate T-cell responses by responding to a
small number of the bacteria.

In animal models, M. tuberculosis induces disease similar
to human tuberculosis [24-27], in which the bacteria
infect both macrophages and DC [1, 14, 25, 28].
Although these APC are found in the lesion microenvir-
onment, macrophages and DC seem to respond differently
following infection. Macrophages produce IL-10 upon an
infection with the mycobacterium, and the secreted IL-10
lead naive T cells to unresponsiveness against the bacterial
antigens, although they promote the formation of tuber-
culous granuloma by residing in close opposition with
activated T cells [29]. However, they produce no detect-
able level of IL-12. In contrast to macrophages, DC initi-
ate both type-1 CD4™ and CD8" T-cell activation and
further act as a primary producer of IL-12 p70 following
mycobacterial infection. The DC-mediated IL-12 triggers
rapid differentiation of both T-cell subsets into type-1
T cells which cognately interact with DC. These T cells
produce IFN-y, which in turn, contributes to induce
mycobacteriocidal action to APC such as macrophages
[14, 29, 30]. Considering these facts, we tried to induce
phenotypic changes in mycobacteria-infected macro-
phages, so that T cells could be stimulated. On treatment
with IFN-y, rGM-CSF and 1lL-4, M. leprae-infected
macrophages were phenotypically transformed to DC-like
cells (MACDC). These cells expressed CDla and CD83
antigens but lacked the expression of CD14 and produced
IL-12 and induced responses, such as proliferation and
IFN-y production, of both CD4" and CD8™1 T-cell sub-
sets. These results are partly supported by previous report
that Thi-polarizing potential was observed when macro-
phages, not infected with any bacteria, were treated with
GM-CSF and IL-4 [31]. Although, monocyte-derived DC
required higher dose of bacterial infection for T-cell acti-
vation, MACDC showed a distinctive feature, in that they
initiated T-cell proliferation more efficiently than the DC
with rather small number of M. leprae (Table 1). There-
fore, it may be reasoned out that MACDC and DC
contribute distinctively to the host defence; the former
might be more important in the microenvironment
where 2 small number of M. leprae exist. This hypothesis
might be associated with the previous finding that CDla"
and CD83" cells were enrolled in tuberculoid leprosy
lesion [22], although it was not clarified whether they
originated from macrophages or monocytes.

IFN-y contributed to the efficient development of
MACDC by upregulating the expression of CDla and
CD86 molecules on macrophages (Fig. 2). In murine sys-
tem, IFN-y is known to be associated with production of
the reactive nitrogen intermediates which can directly kill
intracellular mycobacteria [32]. Although there is no
definite evidence suggesting the association of such inter-
mediate products with mycobacterial killing in human,
IFN-vy can activate macrophages and kill the intracellular

© 2004 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 60, 278-286

—223—



H. Kimura et al.

bacteria. In this study, we showed that IFN-y did not
directly endow macrophages with T-cell-stimulating
activity but contribute to efficient differentiation of
macrophages to MACDC by upregulating the expression
of CD86 and CD1a molecules (Fig. 2). Furthermore, the
IFN-y obviously upregulated T-cell-activating ability of
MACDC (Table 3).

Another peculiar feature of M. leprae-infected MACDC
is that they showed an enhanced susceptibility to killing,
activity of M. leprae cell membrane antigen-specific CD8*
CTL, although the identification of immunodominant
antigenic determinants remains unknown. When com-
pared to M. leprae-infected macrophages, the M. leprae-
infected MACDC were more efficiently killed by CTL.
It is interesting to note that M. leprae-infected MACDC
expressed antigens reactive to pAb ro cell membrane com-
ponents, but not antigens recognized by pAb to cell wall or
cytosol components. In addition, our previous data
showed that cell membrane was the most efficient antigen
among M. leprae subcellular components for the activation
of CD8" CTL [21]. When we compared M. leprae-
infected MACDC and the macrophages, there were no
difference in the expression of MHC class I and class II
antigens, but only the former expressed M. leprae-derived
antigens on the surface. Therefore, the expression of cell
membrane antigens on MACDC might be closely asso-
ciated with the enhanced susceptibility to killing activity.

Taken together, an induction of phenotypic change on
M. leprae-infected macrophages resulted in enhanced
type-1 T-cell-stimulating ability and an upregulated suscept-
ibility to CTL activity. These observations may be further
useful for developing immunotherapeutic tools against
intracellular pathogens which threaten humans worldwide.
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DETECTION OF DAPSONE RESISTANT MYCOBACTERIUM
LEPRAE BY DNA SEQUENCE ANALYSIS FROM A TURKISH
RELAPSED LEPROSY PATIENT

Giizin 0ZARMA GAN*, Mustafa SUTLAS**, Liangfen ZHANG**#,
Masanori MATSUOQKA*##

SUMMARY

Mycobacterium leprae obtained from the relapsed case after 43-year dapsone monotherapy
was submitted to sequence analysis of the genes associated with resistance to antileprosy
drugs for drug susceptibility testing. Single nucleotide substitution was revealed at the codon
55 of the folP gene, which had been reported to confer resistance to dapsone. No mutations in
the rpoB and gyrA genes indicated this isolate was susceptible to rifampicin and fluoroquino-
Jes respectively. Drug susceptibility was conducted easily and rapidly by the sequence analysis

compared with that by mouse footpad method.

Key words: Leprosy, Mycobacterium leprae, Drug resistance, Dapsone

INTRODUCTION

Many cases of relapse have been observed
among the patients treated by dapsone mon-
otherapy (! or multidrug therapy ©). High
prevalence of drug resistance was also indi-
cated in the relapsed cases from the patients
previously treated by single drug therapy <
7, Clarification of the susceptibility to anti-
* leprosy drugs enhances the effective treat-
ment. Drug susceptibility test has been con-
ducted by mouse footpad method for many
years but hampered by the cumbersome na-
ture of the methods (10), Mutations of 1 genes
associated with drug resistance to antilepro-
sy drugs were revealed and confirmed
(146,12), These advances enabled us to ex-
amine the susceptibility to antileprosy drugs
by sequence analysis especially in the coun-
tries where the examination with mouse
footpad test is not feasible.

We report here the drug resistance profile of
M. leprae obtained from the relapsed case
with a prolonged dapsone monotherapy by
the sequence analysis for the genes relevant

to dapsone, rifampicin and quinolones resis-

tance.

MATERIALS and METHODS

Patient: A slit skin sample was collected
from a 60-year old Turkish man, who was
first diagnosed with leprosy at the age of 15,
by the same method for BI test. The patient
had been treated with DDS monotherapy for
43 years until the year 2000 and he faced no
clinical health problem during the time. Af-
ter stopping the administration, he had ery-
thematous maculae in the face, extremities
and trunk. The BI was +5 in skin lesion
when sample was collected in 2002, howev-
er, no data of BI test during dapsone mono-
therapy was available. Slit skin smear sam-
ple on the blade was soaked in 70% ethanol
until further analysis.

Preparation of template and sequence analy-
sis: Bacilli on the surface of the blade were
removed and suspended in 70% ethanol fol-
lowed by washing with PBS. Genomic DNA

Received for publication: 03.05.2004

% [stanbul University, Istanbui Faculty of Medicine, Department of Dermatology, Leprosy Center, Capa, [stanbul, Turkey

*% [stanbul Leprosy Hospital, Bakirkoy, Istanbul, Turkey

wx% National Institute of Infectious Diseases, Leprosy Research Center, Higashimurayama, Tokyo, Japan

—227—



154

Detection of Dapsone Resistant Mycobacterium Leprae by DNA Sequence Analysis From a Turkish Relapsed

Leprosy Patient

Figure 1. PCR products for sequencing of genes.
Lare 1, 50bp ladder DNA marker. Lane 2, folp!
(390bp). Lane 3, rpoB (381bp). Lane 4, gyrA
(350bp).

Trasaiy

was prepared as described previously @)
DNA fragments were amplified by G mix-
ture of FailSafe PCR System (EPICENTRE,
Madison, WI. USA) that corresponded to the
regions of the rpoB (forward primer: 5'-
CAGGACGTCGACGCGATCAC-3', re-
verse primer: 5'-CAGCGGTCAAGTATTC-
GATC-3"), folPl (forward primer: 5'-
GCTTCTCGTGCCGAAGCGCTC-3', re-
verse primer: 5'- GCCATCGCGG-
GATCTGCTCGCCCA-3") and gyrA (5'-for-

Figure 2. The mutation in folP at codon 55 (CCC— TCC).
A: Wild type. M. leprae Thai- 53 B: M. leprae isolate from the relapsed case,

ward primer: CAGGTGACGGTTCTATA-
CAG-3', reverse primer: 5-TACCCGGC-
GAACCGAAATTG-3') genes associated
with resistance to rifampicin, dapsone and
fluoroquinolones, respectively. The PCR
products were sequenced as the same man-
ner as previous methods (79, however, DNA
samples were recovered by MinElute Gel
Extraction Kit (QIAGEN, GmbH, Germany)
instead of EASYTRAP (Takara, Siga, Ja-
pan) after electrophoresis of PCR products.

RESULTS

DNA fragments of the target regions of the
folP1, rpoB and gyrA genes were ampli-
fied and electrophoresed on an agarose gel.
The PCR product of the expected length was
observed by ethidium bromide staining and
UV irradiation (Figure 1). Sequence analysis
revealed a single mutation in the folP/ gene

at codon 55 (CCC—TCC) resulting in the
substitution of a proline for a serine (Figure
2). The results suggested that the clinical
isolate was resistant to dapsone. No muta-
tions of amino acids in rpoB at 513, 516,
526, 531 and 533, and amino acids in gyrA
at 89 and 91 were detected. The results indi-
cated that this isolate was sensitive to rifam-
picin and fluoroquinolones respectively.

DISCUSSION

Detection of drug re-
sistance to antileprosy

CGAC CCGGC CCGG

CGM2CCGGILCGE

el

drugs is frequently
observed in relapsed
cases 7, therefore,
the relapsed case ex-
amined in this study
could be predicted to
be resistant to some
drugs.

B o Several mutations in
the folPl gene were
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Picture 1-2, Active skin lesions on the knees and gluteal region

reported at codons 53 and 55, namely
ACC—-GCC, AC—ATC at codon 53 and
CCC—-CTC, CCC—-CGC at codon 55 in
high level of dapsone resistant M. leprae,
which was confirmed by mouse footpad
method 67812, The mutation detected in
this isolate was CCC—TCC at codon 535,
substituting proline to serine. This mutation

was recently revealed to associate with the
intermediate level of dapsone resistance in
clinical samples from a Japanese patient .
This is the first case of dapsone resistant lep-
rosy case detected by molecular biological
analysis in Turkey so far.

Detection of mutations by sequence analysis
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is a simple and rapid method compared with
that by mouse footpad test to investigate the
susceptibility to antileprosy drugs. We rec-
ommend surveying the prevalence of drug
resistant M. leprae from leprosy patients es-
pecially from the relapsed and/or intractable
cases for effective treatment and the control
of leprosy in Turkey.
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Polymerase Chain Reaction(PCR) M
5 \EIRGL RN DICH

Mycobacterium leprae (5\WH) 7/ LABETF
D&Y HRFI A Cole 512 & o T20014F I RE, &
ahpr, FREYLEIPS HWEIIHT
& 7 a—F Pk O E 2l X o TR
XNAZBEHREOEEFO7U—= V7LD, &
SN S WHEOBETFEERFIAFHLMIEINT
k72348 o ZRSEHBAK TTICHESINLTY
7:PCR®D 5 WEHADISEICFI A S iz 54585
DILBEOATEETHLVEHOKED ELEF® X
B9, 65kDaBZHEOEZFOTHRIBIZAH S
7205 BWEA ) AHIZHVETET S Z L%
Shel, FREENE L7zWoodsbHiZk b 5H
WEOPCRIBEIICHE SN THLT |, WO
DOPCROFENER, @I hizse 0,

BWHEIAS in vitro TEEATRTHS I LIZE
D, NrEVRICBIT A ZEOFBIIOWVWTRENZ
179 FEBAMEL . ZORBLEIEOBITIIENE
TRUEETH o 7255 PCRIZZDHEFEREME L RED
WETFDLDIZLELTEEEEHL. N>
L UIROBVARRE R R THIBE TOEROBAE
ETOLWEOFEENKRE. HEVIEN VR
DOFATHIR & FEFATHIR T D & WE O 576 D IR
WIS S, MEEZEOBT»L IEBE ST
TBEPNTOLVWEHOFEEL B RET HHR
ZMA72.

FATHI - FERITHBERICBIT 5 88K ED
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LVH DS, WATHIBICBT 2 HERD S WHEID

X HUEBER,S, BEUAO—RERD A
CHVROBEEEZII TV EREL LN TE
Joikzrle o F 7 BRSO WEOBRATMIE L
TEETHHI LR INTWAEB® . Z b
DHBEBEL TSV EOBEERDOMIT D210
WEBHE LD S WEOEEHNPCRIZE o THRS
niz,

Pattyn 5 (LB E B X OKENEME 0 BRI
DWTHANRY | DRE L ZHE - OFfiE ORI
OVWEFRMZRPCROBERIIENEL . T0E
LS W OBME T L BRI D 572 L
DRI EEDN S TIE R BFETHHE8E,
BOBRENEETH D L7z,

SWRBE, Wi (74VEY) CBWTH
EMICEELEMT LS V—F, RITFHTO—
R, FERfTH (T v ¥) OEFEROBREEDS
D S5WHEDNADKMERD LD de With 2 & -
THibh7:® , LRAEEZORBMED S EZHO
PEERDHEH SN A 2 E BB SN2 RibE
BEDB%YPCREMZRL. LBFRTHIC
BEHOSVENFET LI EPHH IR, i
TTHOEE L OEME & —RERBOPCROEG M
RIIFEEREL, —FERTHOERIZEZE.,
AR L7 ChHOERPLHTHICBITS
L VR DINNEIEN R SN, AT TOM S 20
JHF=NTOREROMERL EN~DOREIZL S
BEPE T LREEZRILTWSL EHE L,

Kaltser 534 ' FA Y 7OEAT Y = ¥V THER
DB LD S5 WEDNADKHE %17 - 7ok 2.
78%DERIPCREEM AR, $BEL
F—RE(CEET 5 8EAHE L IEEME & OPCRO
BHERIZEFEENRONE o7 TRHDOHF
BINVEVIROEREOB VB TO 5WE®
Wt BEUNORBREBEOHEES BITL
720

2512, SR L 7 Hi5 DA THREH28D
594% DNy VIFEDBVHITERTAEEZEDE
., FROAEL199% 2oV T 8RB 5D 5\
BEDNAOKRMZIT o722 , —RERMD266%%55
PCREMOEENE LN, 4322908 %
(PB15/40, MB4/19) H Mtk Tdh o720 WHERT
#F13429% (6/14) HEHETH Y. Thd 3EHD

BCEEERTRENE Do T OBETIERE

NHEfRE L ERENEMEOMICHEROEEE
(P.002) ARSI, NZEMOGEL Y
b LAR—REEFA—ORERICEZE SN TW
B EIZEN) I RiERIFRD LN LR
FTREINRUTHDEER D, %< DBITOK
RIIMOLOYF - N"DOFEELHBIRTRLTWVS
B SHRBEEED L0 - WA TH L,
A A2 EAEEND. MATE D LBk
CHEETHOTRRVHhL bR TH , -
LWHPANOMBEIZOWTIIKFPTOEEE #
:ﬁxﬂ)@@%yb§§ﬁ$&%é T 4 22 23 24) R
Matsuoka 5 13EHIZ & B2 RHIZE L SFIT L Ti7o
THET® | HEA»LDOS5WEDNADKRT &
FNOFEFBHAKIHCTWAERICBIILEE
KEWAERED? L, RITHIRICBIT 2 EFHAKD
BEGRE LTOEER R/ L1 .

WENOEBE D N V& VIRIATHIR T EE DA
WZEKDFERPLVEZBRELICE T2 L &R
L. ZOMRISEFNBRE, R ONHRD |
H5VIEMFEEOBEHRP LB LN Y L
EWICETAEE L2 | BNV & IFRAT
HIBIZBWTIREZ L OFERPILVEOREE %
TBN, FOFOITL BNV LU RERET
5OTHY, F-FORERE N V& IHEEL
PMIRDBZ LIZE Y, IBBEEREHMTE
HELEZZHMBEENICEIEFITLIHERT
Holze WHOW X 2ZH BRI BHEOBE
RS HBIBE ZBETH I LTk ) BRYgR
BEEIN, FlhBREOREZHCIEDLEN
SNTWz, LA LBAS ZOR R R HE
THA SN T2EE B LT d—HISHBEOM
PSRN L, BRYPEEEZLEBEE IR
DL EDOREBREO—PIHTH S & HIBDbh
%o

5 \EOEGFER & R

RYLIE DIESEMM AT LI X D 372 7 R geBh
EREZ#ET L0, TORBREFEORED D W
R OMBER S Z L PLEADKETH 5
A5 FD7OITIHE & DRSS OB % B
MBI LVERNLFELLR D, ZD12DIC,
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PROEIR] LSBT L ) R L HITD Wi,
TTCH Y R LB DL RN & BEFNT. Shin ¥
HISVWHOBHEI T — FEBICTTCO 31EE
PO BHRYELEFSHY, 74V DET
WIZBWTHEE s N b WERENENI0T 0537
ODRLLBVELEEETHIEER LI &
ZBIAVFAYTORIV I BIUORAST Y2 ¥
HWHDBEDHRERD S VIHEROBHE, S5
TeBVWHIZOWTTTCR Y ELEDENIZLHE
HEATV N VRO BGIT DT & R A
720 EEE. EEDOITo BT ICHAWO T
VoD 1 EHEDOBRES L THEROS1IFI0BFEE L
DHVEIZIONS14TE—DTTCHYELERL
720 SHOEBIZOVWTHETARRBZEOEH
DOBBANTETHolze TDHH5FHICITTE
%, BE, BEZBEDNAIADFHEL TV
FNHDONB EE—ERICELET 5 ADRKER
PHEDOSWEHIRTEH, BELIIELRLHTTCEE
BAERL, BIZEKRSHHZ LI 2HOXHE L
DRBFHNY & VFFTH DUV TIHREIL A
SO VWEOTTCREFREZREL-L A,
1THOBFIIVWTFNRII0IE—ThHo 7225 o
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DHVEIZI0TE—DTTCEETRZR LAY
IRETHVEVRIZBEL VDI SREESR
EOREZEMIPBPEORRE L whh, EFERE
DERTIILZHEEE L OEFRNEIIIERRITI
L. 9EDERETHoETIHEDHL?,
LA LEFO—FT, =T 1 TDR,000A % %
Re LIBET, BiE> b OHBRIIERDIS5
%THh Y. KREBIIED SN HHEMEED) 72
ANTholzb I MENRH B , RICKENRE
BMlrREOERTH L LT HE61E, F—%K
B FHCBTFREORERN» HIETXTHL

JpnJ.Leprosy 73, 7-14(2004)

BEFEOLWEPTHEINLIEITTHL, bh
bhPBLER. BEICBIATTCEETRNO
FEEITFIRPIEEEMIC X 5 R E RS
THHILRBETHLOTHY, Thihd i
I E o S WEDOEBICOWTPCRIC L » THE
Lok B s &/, BRERIZBREDAOERE
WizHy, HLDERESVWEICRESh TS
BE, SVWHOBREZITHLTIHBELEEIC
—H L TWwWiz, 9 ThhiI, LEREOREIC
BHEOBZEORENROND A HEE 505
Z U3 213 Tolllike-receptor® 7z &2 X h HE
ENHEREHBEOEEHNEROBER, BED
KEERIEROFERAPLZ S RDOLNLETHA )
EHRET LI EDTETH S

PED XS Ny ROBRRRICE LT,
EEA & o T2 R B WIERET O RIT
CHETELORTE BT H—ORERE T
BHEFNICESSHEDOREL 28T T
Wb, 5% X ) BRERBIT b, AN T
UIRATESBE SN L R IfT S,

rpoT BIEFLELZNOOBBEND A,
MatsuokaH iz X — Fx 7 A RENTDOREL 514

C EHEEWCEH L. rpoT BEFHRNOBRINICE LS

2ODEEZETFRNEHLZELRAMLA 2, B
L, TANRSFEFUV B, A vaLf P ICHlYT 5
GACATC® 6 E&EF 4 3 EMES T 24 (3
R L 4fEEFITEH (48) ZHFohi. £
NICEDSWTERN. B L/ 5VEIZDOWT
ZOBZFEAZHBLI-LIA, BARAORN, &
E., PEFRLRICIERMICLIBISHMHL
(M1) \ WEBLOET7 VTUATORROE
T 3IBISHETHY (K2) . BRTIYTILE
F5 AROEMIIBEDTHEBN THo 70 DX
I REDHVIIHBIC X - THEMRBED O
BEFRPSAGTAILEIIHOENTEY., £
NEBEONEOREDH 5 VIZREOTER L B
WCEEL TR SN LEZONTNAS® , B’
TIT D 4 BOBMNRGAIZBRIED HAR AL
L7-@EOBEBLERICEHEL TR SN DO
EEZ SN,

BROBAANDOKML L3 UTIHERICK -
THRBENZ2EBEEFNVD PROILLZITA
NHENTWD, FRICEBEBENILUTOBEE

—233—



