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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 #n witro. 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 CD1a, 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 CD8% 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-v. The
M. leprae-infected and -treated macrophages expressed bacterial cell membrane-
derived antigens on the surface and were efficiently cytolysed by the cell
membrane antigen-specific CD8" cytotoxic T lIymphocytes (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
anrigen-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 efficiendy
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 histocompatibilitcy complex (MHC) class I 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 wied w 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 exvent is closely associated with the potential of
host defence activity. 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 (mberculoid
leprosy) to almost entirely disseminated one (lepromarous
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, monacyte-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. lepraederived antigens on the surface and stimulated

© 2004 Blackwell Publishing Ltd. Scandinavian Journal of Immunolagy 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 intraceilular mycobacteria
{2, 12]. Thus, DC can evoke the activation of type-1 T cells
and control the multiplication of M. leprae [8, 13-15].

Macrophages are the most abundant primary cell type
to come in contact with M. /eprae and are frequently seen
in inflamed tissues. These macrophages are thought to play
2 role in initial antimycobacterial immune responses for
the better control of bacterial spread. Thetefore, we tried
to induce phenotypic changes in M. lepraeinfected
macrophages to DC-like cells and examined their antigen-
presenting activities such as stimulation and differentiation
of T cells into rype-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-CSFE (R&D Systems, Minneapolis, MN, USA) [17].

For preparation of the monocytes, CD3" T cells were

removed from either freshiy 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
50ng of recombinant GM-CSF (Pepro Tech EC LTD,
London, UK} and 10 ng of rlL-4 (Pepro Tech) per ml.
rGM-CSF and 1IL-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 +GM-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 -uninfecred macrophages, MACDC and DC were
further treated with indicated doses of maturation and
activation factors for DC including CD40 ligand (1)
(Pepro Tech} or lipopolysaccharide (LPS} {Fscherichia coli
0111: B4, Difco Laboratoties, Detroit, MI, USA).

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

Analysis of cell-surface and intracellular antigens. The
expression of cell-surface antigens on maerophages,
MACDC and DC was analysed using FACScalibur (Becton
Dickinson Immunocytometry Systerm, San Jose, CA,
USA). About 1x10 live cells were analysed. For analysis
of cell-surface anrigens, the following monoclonal ani-
bodies were used: FITC-conjugated monoclonal anti-
bodies against HLA-ABC (G46-2.6, BD Biosciences, San
Jose, CA, USA), HLA-DR (L243), CD14 (Leu-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 F(ab’), antimouse immunoglobulin
G (IgG) (Tago-immunologicals, Camarillo, CA, USA).
Purified rabbit polycional antibodies (pAbs) to celi-wall
proteins, cell membrane fractions and cytosol fractions of
M. leprae each depleted of lipoarabinomannan (provided
by Drs J. Spencer and P. J. Brennan, Colorade State
University) were used. The details of the preparation are
available at hitp://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 macrophages, MACDC and

"~ DC. The ability of macrophages, MACDC and DC

infected with M. Igprae ro 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
coared with monoclonal antibodies 1o CD8 and CD4,
respectively, were used as a responder population.
Responder cells (1x10°fwell) were plated in 96-well,
round-bottom tissue culture plates, and stimulators were
added to give an indicated stimulator responder T-cell

© 2004 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 60, 278-286
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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 [*H]-thymidine.

Assessment of cysokine. production. Levels of the following
cytokines were measured: IFN-y and 1L-10 produced by
CD4"* and CD8" T cells simulated for 4 days with
mactophages, MACDC or DC and IL-12 p70 produced
by M. lepraeinfected or -uninfected macrophages and
MACDC upon 2 stimulation with soluble form CD40L
for 24 h. The concentrations of IFN-v, 1L-12 p70 and IL-
10 were quantified using OptEIA ELISA Set available
from BD Biosciences. : -

Assessment of eytoroxic” activity of CD8" T cells. The
susceptibility of M. lepras-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 ar MOI 5,
were used as a targes 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, MOI)

H. Kimura et al.

target cell rados. The supetnatant was collecred 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, W1,
USA). The percent specific killing was calculated as follows:

LDH (test sample) — LDH (spontaneous effector cell level) —
LDH (spontaneous target cell level)
LDH (rotal target celf lysis level) —
LDH (spontaneous targer cell fevel)

Statistical analysis. Student’s stest was applied 1o
demonstrate statistically'significant differences.

Results

Upregulation of APC function of M. feprae-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

Macrophage
(©
£ 203| 3 » 260
Macrophage
{20)
20| § . 313 of §» 68
MACDC i i
© i :;a.c
. 215| 34 289 | 0 5 118
it I
MACDC i H
(20) i1 i 1}
L " M

HLA-ABC HLA-DR

CD4

CD86

CD1a

CcDa3

Figure1 Expression of various molecules on macrophages and macrophage-derived dendritic cell-like cells (MACDC) either uninfected or infected with
Mycobacterium 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 represeritative of three independent experiments is shown.

Dotred line, control monocional 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. lgprae 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 that 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 antibedy 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 upregulared 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.

Table1 Proliferative response of autologous T cells to Mycobacterium leprar-infecred macrophage-derived dendritic cell (DC)-like cells (MACDC)*

CD4 CDs
M. leprae (MOD) Stimulator T/DC .20 40% 10t 20
0 DC 1.9£0.6 1.6+05 18404 1.5+0.3
MACDC 21+£06 17405 17404 1.3:£0.2
5 DC 3.8:£0.9 2.74£0.9¢ 3.7+ 1.2% 261073
| MACDC 14.6+2.31 8.0+2.04 13.9+3.3t 10.6 % 2.83
20 DC 69+1.2f 7.6 1.5t 1014216 . 8.142.0t
MACDC 2234524 17.945.0% 216+ 4.1 18.2+4.3%

*The responder CD4™ and CD8™ T cells (1 x 10%/well) were stimulated for 4 days with an indicated dose of autologous monocyte-desived DC (DC) or

MACDC. MACDC were differentiated from macrophages, either uninfected or infected for 5 days with an indicated dose of M. lprae, by using IFN-v,
- IGM-CSF and 1IL-4. The proliferation of responder cells was quantified by an incorporasion of [*H)-thymidine. Representative of three separate

experiments is shown. Assays were done in triplicate, and resules are expressed as mean =+ 5D.

tPH]-thymidine uptake (<10% cpm).

1P<0.05,

§$P<0.01.

Tabie2 Effect of exogenous factors on the antigen-presenting cell function of macrophage-derived denderitic cell (OC)-like cells (MACDC)*

CD4 CDs
M. leprae (MOI) Tested factor T/DC 20 401 10f 20
0 None 1.0£00 0.8£0.0 1.3+0.2 0.9£0.1
' Les 1.5+03 1.21+0.2 1.7+0.3 1.2+0.2

CD40L 28£02 1.9+0.2 23104 1.9+0.3

5 None 5.7 +0.8% 4.5+ 0,71 4.9+ 0.49 39+0.3{%
ips 165+ 20i 11.7 £ 2.0% 13.8£0.79 10.9+0.9%
CD40L 11.2£0.3] 831041 - 104£0.79 7640388

20 None 93+£12% 6.9+ 0.81$ 77 £0.619 6.4+ 0.619
LPS 23.3 %24} 15.7 £ 2.1$ 21.7+2.01 16.3£1.19
CD40L 16.5%0.53 12.3+0.5% 15.0+0.89 11.9+1.0f

*The responder CD4* and CD&* T cells (ix 10%/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, rGM-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 wriplicate, and results are expressed as
mean  SD. -

1 PH]-thymidine uprake (x10° cpm).

1P < 0.005.

§P<0.01.

17<0,001.

»*P<20.05.
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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
weatment 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. Sirilar upregulation
was observed in the expression of CD86 antigen. More-
over, when the IFN-v treatment was assessed from the
functional aspect, it upregiilated APC function of M.
leprae-infected MACDC (Table 3). The IFN-vy 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 trearment 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. leprac-infected macro-
phages did sumulate both subsets of T cells to produce
IFN~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
bactetial dose-dependent manner, but when more than
MOI 20 of the bacteria was infected, the APC funciion
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 h on day 3 of culture.
The number represents the difference in mean fluorescence intensity
berween dorted and solid lines. A representative of three independent
experiments is shown. Dorred line, control monoclonal antibody; solid
line, monoclonal anribody.

Table3 Effect of exogenous IFN-y on the T-cell-stimulating activity of macrophage-derived dendritic cell (DG)Hike cells (MACDC)*

CD4 D3
M, leprae (MOI) IEN-y (U/ml) T/DC 20 40t 10% 20 _
0 0 47412 3.2+1.1 49420 3.641.8
20 0 15.543.0% 1L5+2.1§ 14.9 1.93$ 114+ L6§
20 100 25.7+2.8% 18.9+2.7§ 23.2+2.2% 18.44 2.4§
20 300 33.6+2.9% 26.1£3.0§ 32.7 +3.08 26.343.06
20 ' 1000 1.1£45 0.9+06 119£16 8.8+0.7

*The responder CD4* and CD&" T cells (1% 10%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 ar multiplicity of infection (MOI) 20 and treated with an
indicated dosc of IFN-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 criplicate, and results are expressed as mean & 5D.

1PH)-thymidine uprake (x10° cpm).
1P< 0.001.
§P< 0.005.
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Table4 Production of IFN-y by stimulated T cells and 1L-12 p70 by Mycobacterium leprac-infecred macrophage-derived dendritic cell (DC)-like cells
(MACDC)*

CD4 CDsg .
Stimulator M. leprae (MOD T/DC 20 401 101 20 IL-12} (pg/ml)
M@ 0 0.0+0.0 0.0£0.0 0.10.1 0.1+0.0 46109
5 0.2+0.0 0.1+0.0 0.2£0.0 03+0.0 3.0+1.0
20 0.1+6.0 0.1+0.1 0.3£0.1 0.1£0.1 0.2:4+00
MACDC 0 6.210.8% 3.1+0.789 5.4 +1.0§ 2.9 0.8 11.449.19*
5 73.0+£2.38 22.610.89 343218 1.1+ 1.8 43.6£7.4%
20 173.5+£6.9§ 823+2.1% 84.9+3.1§ 311+ 1.9* 56.1:1+8.89
80 192+ 1.4 C 9510 15.630.9 7.7+09 Not detecred

*The responder CD4™ and CD&' T cells (1x10°/well) were stimoulated for 4 days with an indicated dose of autologous mactophages 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, *GM-CSF
and rIL-4. The concentration of IFN-y produced by simulated T cells was measured by ELISA.

Macrophages and MACDC (2x10%/well) were stimufated in the presence of CD40L for 24 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 wiplicate, and results are expressed as
mean = SD. ‘

HIFN-y (pg/ml).

§£<0.0005.

9.2 < 0.0001.

**P<0.001.

produce IL-12 p70 by stimulation with CD40L. The
infection of MACDC with M. leprae further upregulated
the cyrokine production. However, macrophages did not
produce the cytokine by any stimuli such as CD40L or
M. keprae 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 fromn leprosy patients (Fig. 3). Further-
more, these mycobacteria-infected MACDC were also
positively stained with pAb to cell membrane fraction
of M. leprae bur 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 M.
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
vitre with M. leprae-derived cell membrane fraction-
pulsed DC, produced intraceltular perforin [21]. In this
experiment, we used these perforin-producing CD§*
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-puised DC did kill
M. leprae-infected; but not uninfected, target cells.
More than 50% of M. leprae-infected MACDC were killed

M. leprae.
(MO}

20

Leprosy sera MLM pAb

MLWpAb  MLC pAb

Figure3 Expression of AMjycobacterium Ieprae-derived molecules on
macrophage-derived dendritic cell-like cells (MACDC). MACDC were
differentiated from macrophages cither uninfecred or infected with an

* indicated dose of M. leprae for 5 days and were stained with lepromatous

leprosy patients’ sera and polyclonal antibody (pAb) to M lprae
subcellular fractions. The number represents the difference in mean
fluorescence intensity berween dorted and solid lines. A representative of
three independent experiments is shown. MLC, M. leprae cytosol fraction;
MLM, M. leprac cell membrane fraction; MLW, M. leprae cell-wall
fraction. Dorted line, normal rabbit immunoglobulin G; solid line, pAb.
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Target: --4-- Macrophage (MO!=0)

--a-- Macrophage (MOl =5)
—0— MACDC (MOI=0)
—%— MACDC (MOI=5)

Percent specific lysis
w
[+
]

E/T ratio

Figure4 Susceptibility of Mycobacterium lepracinfected macrophage-
derived dendritic cell-like cells (MACDC) to M. lepras-derived membrane
antigen-specific CTL. M. lprae-detived membrane antigen-specific
CD8* CTL were differentiared from CD8¥ T cells by stimulation
with the antigen-pulsed autologous marure DC as described previously
[21] and were used as effector cells. Macrophages and MACDC eicher
uninfected or infected with M. lgprae (MOI 5) for 5 days were cocultured
with effector cells for 5 h at the indicated E/T ratio. lacrate.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 (Table4). We
have previously demonstrated that monocyte-derived DC
also exhibited similar # vitre susceptibility to M. legprae
infection, but in contrast to macrophages, the DC stimu-
lated autologous 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. Izprae is not fully uncovered but might be due to scarcity
of antigens on the surface of M. leprae as a consequence of
large nurnber 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,

H. Kimuro et al,
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which can initiate T-cell responses by responding to a
small number of the bacteria.

In animal models, M. suberculosis 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 microenvit-
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 2 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 TFN-y, which in wurn, contributes to induce
mycobacteriocidal acton 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 tIFN-y, rGM-CSF and rIL-4, M. leprae-infected .
macrophages were phenotypically transformed to DC-like
cells (MACDC). These cells expressed CDl1a 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" T-cell sub-
sets. These results are partly supported by previous report
that Thl-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 efficiendy than the DC
with rather small number of M. lgprae (Table 1). There-
fore, it may be reasoned outr thar MACDC and DC
contribute distinctively to the host defence; the former
might be more important in the microenvironment
where 2 small number of M. lgprae exist. This hypothesis
might be assoctated with the previous finding that CD1a™
and CDB83" cells were enrolled in tuberculoid leprosy
lesion [22], although it was not clarified whether they
originated from macrophages or monocytes.

IEN-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, IEN-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-y can activate macrophages and kill the intraceliular
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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 o 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
anrigenic determinants remains unknown. When com-
pared to M. leprac-infected macrophages, the M. leprae-
infected MACDC were more efficienty killed by CTL.
It is interesting to note that M. /eprae-infected MACDC
expressed antigens reactive to pAb to 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. lepracinfected 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 MATSUQEKA*##

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 fluoroguino-
-les respectively. Drug susceptibility was conducted easily and rapidly by the sequence analysis

compared with that by mouse foctpad 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 ({1 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 &
D, 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 (19), 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-
thernatous 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
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Detection of Dapsone Resistant Mycobacterium Leprae by DNA Sequence Analysis From a Turkish Refapsed

Leprosy Patient

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

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: Wiild 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
fluoroguinolones, 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

folPl, rpoB and gyrA genes were ampli-
fted 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) resuiting 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 gyrd
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 CCGGL CC GG

|

- CGMCCGGTCCGE

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.

Several mutations in
the folP! gene were




(zarmagan G., Sitlas M., Zhang L., Matsuoka b1,

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 55,
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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Detection of Dapsone Resistant Mycobacterium Leprae by DNA Sequence Analysis From a Turkish Relapsed

Leprosy Pattent

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/for intractable
cases for effective treatment and the control
of leprosy in Turkey.
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Polymerase Chain Reaction(PCR) @
5B BRRRERIAANDLH

Mycobacterium leprae (S5WH) 4 A&EF
DEIZIEREF A5 Cole 512 X o T2001EITHE, 2
RaEilodr, FREDDEIDS SWEICHT S
EJ yu—F LHAD OERE FhIZ L - TEB
ENABRABRDBETOI/IO—= 72, B
TR S VWEOBREFEERNMFHL IR T
K739, ZhLEYUR, $TCRBESATY
7:PCRO L WEHANDISHICFIH E Wiz, 5450 E
DEBOATEHTHLVEORVELERS &

&H. 6SkDaBBENRETFOTHEICAH S h

2B LWHEY ) ARICHIEFEET S LA
HAERY. FThEBHE LWoodsbHizd b5
WEOPCREBRACHESNTHED . woHh
DPCROFENER. B shizes0,
BVWEA in vitro THEEAWETHAZLICE
D NYEVRICBITAZFOHRBIZOVWTERTE
75 FEMNEL, FoRBLEHOBIELE
TARWEETH o235, PCRIZFOEEHLBED
WEHTEDDIUEETLLEEEHI L, ~>
EUMOBVERE R THE TOEROBHEER
FCOLWEOBEEMNKRE., H50iENYEVH
DOFATHIR & IERITHIR T O S EHOGH OB
CRASK, MEEZORN» L IHBIATY
BEUNTOLVWEHDEELBR{FETLHA
2mziz.

ATHE - FRTHRERICBIABEELY
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