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Summary

Dendritic cells (DCs) are professional antigen-presenting cells capable of
initiating primary/adaptive immune responses and tolerance. DC functions
are regulated by their state of maturation. However, the molecular pathways
leading to DC development and maturation remain poorly understood. We
attempted to determine whether inhibition of nuclear factor kappa B (NF-
kB), which is one of the pivotal pathways underlying these processes, could
induce immunophenotypic and functional changes in lipopolysaccharide-
induced mature DCs derived from murine bone marrow. A comparative in
vitro study of five clinically used drugs that are known to inhibit NF-kB
demonstrated that azithromycin, a macrolide antibiotic, significantly inhib-
ited expression of co-stimulatory molecules (CD40 and CD86) and major
histocompatibility complex (MHC) class II by DCs. It also reduced Toll-like
receptor 4 expression, interleukin-12 production and the allostimulatory
capacity of DCs. These data suggest that azithromycin, as not only an NF-kB
inhibitor but also an antibiotic, has potential as a novel drug for manipulation
of allogeneic responses.
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Introduction

Dendritic cells (DCs), which are specialized antigen-
presenting cells (APCs) derived from CD34+ bone marrow
(BM) stem cells, are uniquely well equipped to activate naive
T lymphocytes and initiate primary immune responses [1].
DCs can also induce peripheral T cell tolerance under
steady-state conditions [2]. This functional change is accom-
panied by a change in DC immunophenotype. Bacterial
products, such as lipopolysaccharide (LPS), and inflam-
matory cytokines drive the maturation of DCs, which is
characterized by up-regulation of major histocompatibility
complex (MHC) class II and co-stimulatory molecules
CD40, CD80 and CD86. This results in an increased capacity
to stimulate T lymphocytes [1,3]. In response to ligation of
CD40 by CD154 on antigen-specific T lymphocytes, DCs
produce high levels of interleukin (IL)-12, a key cytokine in
the development of interferon (IFN)-g-producing T helper
type 1 (Th1) cells [4,5].

Previously we reported that recombinant exoenzyme C3
from Clostridium botulinum specifically inhibits the function
of DCs [6]. Despite the well-known important roles of DCs,
little is known regarding the molecular mechanisms involved

in DC differentiation and maturation. Various investigators
demonstrated recently that several pathways, including
nuclear factor kappa B (NF-kB), mitogen-activated protein
kinase and phosphatidylinositol 3-kinase/protein kinase
B/mammalian target of rapamycin are involved in the
maturation and/or survival of DCs [7–11].

NF-kB regulates the transcription of many genes involved
in immune responses, including cytokines and growth
factors [12,13]. NF-kB is bound to inhibitory protein IkB as
an inactive complex in the cytoplasm of many cells. Activa-
tion of NF-kB can be mediated by a variety of stimuli,
including bacterial lipopolysaccharide (LPS) and tumour
necrosis factor (TNF)-a. Several studies demonstrated that
NF-kB is required for maturation of DCs [7,8]. However,
clinically usable NF-kB inhibitors of DC maturation have
not yet been found.

We selected five drugs that are used clinically to
treat various diseases and are known to inhibit IkB
degradation and hence NF-kB activation. They were 1,
25-dihydroxyvitamin D3 (Vit. D3) [14,15], an angiotensin-
converting enzyme (ACE) inhibitor [16], a peroxisome
proliferator-activated receptor-g (PPAR-g) activator [17,18]
and two macrolide antibiotics, clarithromycin and
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azithromycin (AZM) [19–21]. Sugiyama et al. reported that
AZM acts as anti-inflammatory agent by modulating the
functions of murine BM-derived DCs in syngeneic immune
systems [22]. However, this has not been shown in allogeneic
immune systems. Here, in vitro, we analysed the effects of
these five drugs on DC maturation and functions, including
morphology, cytokine production, expressions of MHC class
II, co-stimulatory molecules and Toll-like receptor (TLR)-4,
and their allostimulatory capacity. We found that AZM sig-
nificantly inhibited DC maturation and functions, including
allogeneic responses. The present study suggests an attractive
role for pharmacological therapy as a means of generating
DCs with tolerogenic/regulatory properties. AZM may have
potential as a new therapeutic drug for controlling allograft
immunity, such as acute graft-versus-host disease and graft
rejection in organ transplantation.

Materials and methods

Mice

Female C57BL/6 (H-2 Kb) mice and BALB/c (H-2 Kd)
mice aged 6–12 weeks were purchased from Japan SLC, Inc.
(Shizuoka, Japan). Institutional approval was obtained for all
animal experimentation.

Antibodies and media

Fluorescein isothiocyanate (FITC)- or phycoerythrin (PE)-
conjugated monoclonal antibodies (mAbs) used to detect
cell surface expression of CD3, CD4, CD11c, CD40, CD80,
CD86, MHC class II, and TLR-4-message digest 2 (MD2) by
flow cytometry, as well as isotype-matched control mAbs,
were purchased from BD Pharmingen and eBioscience (San
Diego, CA, USA). RPMI-1640 supplemented with 10% fetal
calf serum (FCS), 5 ¥ 10-5 m 2-mercaptoethanol (ME) and
10 mm HEPES was used as the culture medium.

Preparation of BM-derived DCs

Bone marrow (BM)-derived DCs were generated as
described elsewhere [23,24], with minor modifications.
Briefly, BM cells flushed from tibias and femurs of BALB/c
mice were seeded at 2 ¥ 106 cells onto a six-well culture plate
in culture medium supplemented with 20 ng/ml recombi-
nant murine granulocyte–macrophage colony-stimulating
factor (GM-CSF) (Kirin Brewery Co., Gunma, Japan). The
culture medium was changed every 2 days. Loosely adherent
clustered cells were used on day 6 as immature DCs (im-
DCs). The purity of im-DCs was routinely > 85%, as con-
firmed by dual positivity for MHC class II and CD11c. Vit.
D3 (Sigma, St Louis, MO, USA), ACE inhibitor delapril
(Takeda Co. Ltd, Osaka, Japan), PPAR-g activator troglita-
zone (Sankyo Co., Tokyo, Japan), clarithromycin (CAM)
(Taisho Pharmaceutical Co., Tokyo, Japan) or AZM (Pfizer

Inc., Groton, CT, USA) as an NF-kB inhibitor was added to
culture wells to the indicated final concentrations at various
times. We tested these NF-kB inhibitors at several con-
centrations to generate BM-derived DCs. The final con-
centrations of NF-kB inhibitors, except Vit. D3, chosen for
the study were 10 times their physiological concentrations
shown to have therapeutic effects on several human diseases
[25–28]. Vit. D3 (10 nm) [14] was added to culture wells on
days 0, 2, 4 and 6. Troglitazone (10 mm), delapril (40 mg/ml)
and CAM (20 mg/ml) were added every day (days 0–6). AZM
was added according to several schedules: 50 mg/ml on day 6
or on days 0, 3 and 6 and 75 mg/ml on day 6. We also added
to culture wells equal amounts of only the respective solvents
that were used to dissolve these agents. Im-DCs treated with
and without these agents were stimulated with 1 mg/ml LPS
from Escherichia coli (serotype 055:B5) (Sigma) or 20 ng/ml
TNF-a (BD Pharmingen) for 24 h to develop mature DCs
(m-DCs).

Mixed leucocyte reaction (MLR)

The allogeneic MLR assay was performed as described else-
where [6], with minor modifications. C57BL/6 splenic CD4+

T lymphocytes were enriched by using a SpinSepTM-Murine
CD4+ T cell kit (Stem Cell Technologies Inc., Vancouver,
Canada) and used as responders. BALB/c BM-derived
im-DCs, m-DCs or AZM 50 (days 0, 3, 6)-treated m-DCs as
stimulator cells were irradiated with 30 Gy, added in graded
doses (from 3 ¥ 102 to 1 ¥ 103) to 1 ¥ 105 responders in
96-well round-bottomed plates (Falcon, Tokyo, Japan) and
then incubated for 5 days. [3H]-Thymidine (Amersham,
Uppsala, Sweden) incorporation was measured after 12-h
pulsed labelling with 1 mCi/well. Results are shown as the
mean counts per minute (cpm) of triplicates.

Quantification of cytokines by enzyme-linked
immunosorbent assay (ELISA)

Cytokine production was measured in the MLR supernatant
using Quantikines M ELISA kits specific for murine
IL-12p70, IL-10 and IFN-g (R&D Systems, Minneapolis,
MN, USA). Samples and standards were run in triplicate.

Flow cytometric analysis

DCs, spleen cells and BM cells suspended in phosphate-
buffered saline (PBS) were preincubated with FcgR blocking
antibody (anti-mouse CD16/CD32; BD Pharmingen) and
then incubated with FITC- or PE-labelled mAbs at 4°C
for 20 min. After staining, the cells were washed twice with
PBS incubated with propidium iodide at room temperature
for 5 min and then subjected to fluorescence activated cell
sorter (FACS) analysis. Flow cytometry was performed on
a FACScan with CellQuest software (Becton Dickinson,
Franklin Lakes, NJ, USA).
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Preparation of nuclear protein fractions and
electrophoretic mobility shift assay (EMSA)

Wild-type oligo probe for NF-kB p65 EMSA was end-
labelled with g[-32P] adenosine triphosphate (ATP) using T4
polynucleotide kinase (New England Biolabs, Inc., Beverly,
MA, USA). We used the following unlabelled wild-type
and mutant competitor double-stranded oligonucleo-
tides (Geneka Biotechnology, Inc., Carlsbad, CA, USA):
5′-AGCTTGGGGTATTTCCAGCCG-3′ (wild-type) and
5′-AGCTTGGCATAGGTCCAGCCG-3′ (mutant) [29].
Although these oligonucleotides had basically been set for
human NF-kB p65, they could also be applied to mice
because 93% homology with murine NF-kB p65 protein was
observed (Geneka Biotechnology). Eleven micrograms of
nuclear extract from control im-DCs or AZM-treated or
untreated im-DCs stimulated for 2 h with LPS (100 ng/ml)
were incubated for 20 min with labelled NF-kB probes
at 4°C. DNA–protein complexes were separated on 5%
polyacrylamide gels.

Statistical analysis

Analysis of variance (anova) and unpaired two-tailed t-tests
were used to determine statistical significance of in vitro
data. P < 0·05 was considered statistically significant.

Results

AZM inhibits maturation of DCs

We examined the effects of five NF-kB inhibitors on
DC maturation, phenotypically and morphologically.
BM-derived immature DCs (im-DCs) were incubated in
the presence and absence of each NF-kB inhibitor at the
indicated concentrations and times. On day 6, the NF-kB
inhibitor-treated and -untreated im-DCs were incubated
with LPS or TNF-a to see if they could be induced to mature.
Comparative study of the expression of surface molecules on
LPS-induced mature DCs (m-DCs) that might be related to
allostimulation found that AZM, added at 50 mg/ml on days
0, 3 and 6, inhibited the expression of MHC class II and
co-stimulatory molecules (CD40, CD80 and CD86) when
Vit. D3 was used as a positive control [30] (Fig. 1a). Con-
versely, the PPAR-g activator, ACE inhibitor and clarithro-
mycin did not suppress the expression of MHC class II or
co-stimulatory molecules (Fig. 1a). When the expression
levels were compared on the basis of the mean fluorescence
intensity (MFI), the expression of MHC class II and
co-stimulatory molecules but not CD80 were decreased sig-
nificantly in a dose- and time-dependent manner (Table 1).
TLR-4 expression was also decreased in AZM-treated
im-DCs stimulated with TNF-a (Fig. 1b). The MFIs of
TLR-4 of control m-DCs and AZM-treated m-DCs were

significantly different (13·39 � 1·07 versus 8·56 � 0·47;
P < 0·01, n = 3) (Fig. 1b). Similar to the results for expression
of MHC class II and co-stimulatory molecules, the PPAR-g
activator, ACE inhibitor and clarithromycin did not affect
expression of TLR-4 (Fig. 1c). We also confirmed that the
vehicles used to dissolve the NF-kB inhibitors did not affect
the expression of these antigens and showed no toxicity
when we added equal amounts of them to culture wells as
controls (data not shown). Morphologically, AZM-treated
im-DCs (Fig. 1d) were similar to control im-DCs (Fig. 1e).
However, in the case of LPS-induced m-DCs, AZM treat-
ment resulted in less prominent dendrite formation, with
a round nucleus (Fig. 1f), compared with the control cells
(Fig. 1g).

AZM decreases IL-12 production by DCs and inhibits
the T lymphocyte stimulatory capacity of DCs

To determine whether AZM might affect the functions of
DCs, we first compared IL-12p70 production by AZM-
treated and -untreated im-DCs stimulated with LPS. As
shown in Fig. 2a, the IL-12p70 concentration was signifi-
cantly lower in the supernatant of AZM-treated im-DCs
(P < 0·001).

We next asked whether AZM might affect the allogeneic T
lymphocyte stimulatory capacity of DCs. To address this
question, we performed MLR experiments. [3H]-Thymidine
incorporation was suppressed significantly when allogeneic
T lymphocytes were stimulated with m-DCs treated with
50 mg/ml of AZM, causing up to 27% reduction of the allo-
stimulatory capacity (Fig. 2b). We also investigated the secre-
tion levels of IFN-g and IL-10 in the MLR supernatant by
enzyme-linked immunosorbent assay. IFN-g was reduced by
31% when allogeneic T lymphocytes were stimulated with
AZM-treated m-DCs compared to untreated m-DCs, indi-
cating that AZM-treated m-DCs decreased Th1 polarization
(Fig. 2c). In contrast, secretion of IL-10, which is a key regu-
lator of immune and inflammatory responses, in the MLR
setting of allogeneic T lymphocytes stimulated with AZM-
treated m-DCs was, on average, two times higher than in
the case of stimulation with untreated m-DCs (Fig. 2d).
However, the number of T lymphocytes was not significantly
different in these wells (data not shown).

AZM decreases NF-kB activation in im-DCs stimulated
with LPS

The above results indicate that AZM inhibits not only the
maturation but also the functions of DCs. NF-kB was
reported to be required for the maturation of DCs [7,8]. We
therefore examined the effects of AZM on NF-kB p65 acti-
vation in DCs. EMSA was performed on nuclear extracts
prepared from im-DCs pretreated with 50 or 75 mg/ml of
AZM for varying periods of time and then incubated further
with and without LPS for 2 h. In this DNA binding reaction,

AZM inhibits the functions of murine DCs

387© 2011 The Authors
Clinical and Experimental Immunology © 2011 British Society for Immunology, Clinical and Experimental Immunology



unlabelled wild-type and mutant competitor oligonucle-
otides were used in a 100-fold molar excess over labelled
NF-kB probe. AZM decreased nuclear NF-kB DNA-binding
activity significantly in im-DCs stimulated with LPS in a
dose- and time-dependent manner (Fig. 3a,b).

Discussion

We found that AZM, a macrolide antibiotic and NF-kB
inhibitor, suppresses maturation and allogeneic responses of
murine BM-derived DCs in vitro.

AZM is a 15-membered ring macrolide that is used widely
for treatment of bacterial infections caused by both Gram-
positive and Gram-negative bacteria. AZM is concentrated
in lysosomes to an unusual degree because of its dibasic
characteristics [31]. Lysosomes in DCs play an important
role in antigen presentation: DEC-205, the DC receptor
for endocytosis, can recycle and enhance antigen presenta-
tion via MHC class II-positive lysosomal compartments
[32]. AZM is concentrated inside cells at ratios exceeding
200 : 1. It is highly concentrated in a number of cell types,
including polymorphonuclear neutrophils, monocytes and
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Fig. 1. Azithromycin inhibits dendritic cell (DC) maturation. Bone marrow (BM)-derived DCs were generated as described in Materials and

methods [using a nuclear factor kappa B (NF-kB) inhibitor at the indicated concentrations and times]. On day 6, maturation was induced by

incubation of immature DCs (im-DCs) with lipopolysaccharide (LPS) (a,d–g) or tumour necrosis factor (TNF)-a (b and c). (a–c) Flow cytometric

analysis of the expression of the indicated surface molecules on mature DCs (m-DCs). Propidium iodide-negative cells were gated on CD11c+.

The staining profiles of control m-DCs (thin line) and NF-kB inhibitor-treated m-DCs (grey) for the indicated surface molecules are shown.

Dotted lines indicate isotype controls. We used five kinds of NF-kB inhibitors: 1, 25-dihydroxyvitamin D3 (Vit. D3), used as a positive control in

suppression of DC maturation; an angiotensin-converting enzyme (ACE) inhibitor; a peroxisome proliferator-activated receptor-g (PPAR-g)

activator; clarithromycin (CAM); and azithromycin (AZM). (a) Comparative study of the expression of major histocompatibility complex (MHC)

class II CD40, CD80 and CD86 on m-DCs exposed to NF-kB inhibitors. AZM was added to culture wells at 50 mg/ml on days 0, 3 and 6. (b) The

expression of Toll-like receptor-4 (TLR-4)-message digest 2 (MD2) on TNF-a-induced m-DCs treated with AZM 50 (days 0, 3, 6) was detected by

flow cytometry in comparison with control m-DCs. The mean fluorescence intensity is shown in the upper right corner of the plot. (c) Expression

of TLR-4-MD2 on TNF-a-induced m-DCs treated with ACE inhibitor, PPAR-g activator or CAM was analysed by flow cytometry in comparison

with control m-DCs. (d–g) AZM 50-treated (days 0, 3, 6) or untreated DCs were analysed morphologically in cytospin preparations after

May–Giemsa staining (original magnification: ¥ 1000). AZM-treated im-DCs (d), control im-DCs (e), AZM-treated m-DCs (f) and control

m-DCs (g) are shown. All results are representative of three independent experiments.

S. Iwamoto et al.

388 © 2011 The Authors
Clinical and Experimental Immunology © 2011 British Society for Immunology, Clinical and Experimental Immunology



macrophages, which can retain, deliver and, potentially,
release AZM at sites of infection [31]. Moreover, Khan et al.
reported that AZM inhibited production of IL-1a and
TNF-a by LPS-stimulated human monocytes [33]. These
functional activities may be important, as in the infected
host excessive or unrestricted overproduction of proinflam-
matory cytokines can be detrimental, as in septic shock [33].

However, little is known with regard to DCs. Recently,
Sugiyama et al. reported that macrolide antibiotics, includ-
ing AZM, act as anti-inflammatory agents by modulating the
functions of murine BM-derived DCs [22]. However, in
surface marker analysis by flow cytometry, they found that
AZM did not inhibit maturation of murine BM-derived
immature DCs after LPS stimulation, which contradicts our
results (Fig. 1). We think that this discrepancy may be due to

a difference in the method of DC pretreatment with AZM,
including the higher concentration (10 mg/ml versus 50 or
75 mg/ml) and/or longer incubation time (days 8 and 10 in
11-day culture versus days 0, 3 and 6 or day 6 in 7-day
culture) in our study.

IL-10 is well known as a key regulator of anti-
inflammatory responses. It can be produced by various cells,
including monocytes, subsets of DCs and CD4+ CD25+ regu-
latory T cells (Treg). Sugiyama et al. also showed that pretreat-
ment with AZM augmented the production of IL-10 by DCs
co-cultured with syngeneic T lymphocytes in a murine
model [22]. Additionally, some investigators have studied
allogeneic immune responses initiated by DCs in the various
clinical settings. For example, recent murine studies have
shown that interactions between donor T lymphocytes and
host DCs are essential for triggering induction of acute graft-
versus-host disease (GVHD) following allogeneic bone
marrow transplantation (BMT) [34–37].

We examined IL-10 secretion in the MLR supernatants of
allogeneic T lymphocytes stimulated with AZM-treated
m-DCs (Fig. 2). We detected elevated IL-10 levels in
co-cultures of allogeneic T lymphocytes and AZM-treated
m-DCs (Fig. 2d). However, we have not confirmed which of
those cells, i.e. the allogeneic T lymphocytes stimulated with
AZM-treated m-DCs or the AZM-treated m-DCs them-
selves, secreted the IL-10. Sato et al. generated regulatory
DCs, as a subset of potent tolerogenic DCs, by culturing
murine BM cells with murine GM-CSF, murine IL-10 and
human transforming growth factor (TGF)-b1 for 6 days,

Table 1. Comparison of phenotypes of mature dendritic cells (DCs)

cultured with azithromycin (AZM).

Surface

antigen Control

AZM75 (d6)

(P-value)*

AZM50 (d0,3,6)

(P-value)*

CD 40 296 � 56 141 � 84 (0·01) 143 � 36 (0·001)

CD 80 211 � 69 175 � 93 (0·50) 157 � 31 (0·16)

CD 86 1846 � 634 1682 � 677 (0·70) 830 � 277 (0·02)

MHC II 3320 � 792 1781 � 598 (0·01) 1654 � 572 (0·007)

Data are presented as mean fluorescence intensity plus or minus

standard deviation values of five independent experiments. AZM was

added at graded concentration and timing; 75 mg/ml on day 6 and

50 mg/ml on days 0, 3 and 6. *P-value relative to results obtained with

control. MHC: major histocompatibility complex.

Fig. 2. Azithromycin (AZM) inhibits dendritic

cell (DC) functions. (a) AZM suppresses

interleukin (IL)-12p70 production by DCs.

AZM 50-treated (days 0, 3, 6) or untreated

immature DCs (im-DCs) were stimulated with

lipopolysaccharide (LPS) for 24 h. IL-12p70

concentration in the supernatants was

determined by enzyme-linked immunosorbent

assay (ELISA). (b) AZM-treated mature DCs

(m-DCs) inhibit their allogeneic CD4+ T

lymphocyte stimulatory capacity in mixed

leucocyte reaction (MLR). Irradiated bone

marrow (BM)-derived control im-DCs, m-DCs

or AZM 50-treated (days 0, 3, 6) m-DCs from

BALB/c mice were used to stimulate 1 ¥ 105

allogeneic splenic CD4+ T lymphocytes from

C57BL/6 mice. The ability of DCs to stimulate

allogeneic T lymphocytes was assessed by

uptake of [3H]-thymidine. Interferon (IFN)-g
(c) or IL-10 (d) production measured by ELISA

was decreased in the MLR supernatant. All

results are expressed as the mean � standard

deviation of triplicate cultures. Data are

representative of three independent

experiments. **P < 0·001.
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followed by LPS stimulation [38]. Those regulatory DCs
were characterized by low expression levels of co-stimulatory
molecules, moderate levels of MHC molecules, low produc-
tion of IL-12, high production of IL-10 and suppression of
NF-kB activity even after stimulation with LPS [38,39]. The
therapeutic effects of regulatory DCs on acute GVHD, organ
allograft rejection, allergic airway inflammation, experi-
mental endotoxaemia and bacterial peritonitis have been
demonstrated [38–42]. It is tempting to speculate that AZM-
treated m-DCs may be functionally related to regulatory
DCs, although the method of in vitro induction of DCs is
quite different.

In addition to the immunoregulatory effects of AZM,
its antibacterial effects may also be important, as bacteria
and bacterial products, especially LPS, are associated with
inflammatory responses. LPS signalling is mediated by
TLR-4 [43]. An et al. reported that TLR-4 mRNA was
up-regulated following LPS stimulation of murine im-DCs,
which was inhibited by pyrrolidinecarbodithoic acid, an
inhibitor of NF-kB [44]. Furthermore, Park et al. showed
that a macrolide antibiotic, clarithromycin, induced down-
regulation of TLR-4 mRNA in human peripheral blood
mononuclear cells stimulated with LPS [45]. Although Park
et al. did not show TLR-4 expression on the surface of DCs,

our data (Fig. 1b) may be compatible with their findings.
Because Sato et al. showed that TLR-4 was internalized from
the surface of murine macrophages when they were stimu-
lated with LPS [46], we used TNF-a instead of LPS as a
maturation stimulator for im-DCs. We found that AZM
inhibited TLR-4 expression significantly (Fig. 1b), and that
inhibition may be associated with reduced responses to LPS
in vitro.

Taken together, our results suggest that AZM, by inhibit-
ing the NF-kB pathway, blocks DC–T lymphocyte inter-
action by inactivating DCs with tolerogenic/regulatory
properties. Vit. D3 has also been known as inhibitor of dif-
ferentiation and maturation of DCs in vitro [14,15]. Indeed,
Vit. D3 inhibited the expression of MHC class II and
co-stimulatory molecules on immature DCs stimulated with
LPS more powerful than AZM in the present report. This
might be related to the constitutive expression of Vit. D3

receptors on DCs. Therefore, it may be preferable to use Vit.
D3 rather than AZM. However, Vit. D3 is difficult to use in the
clinical setting because of adverse effects, including hyper-
calcaemia and renal insufficiency in some patients. Con-
versely, AZM already has a history of use in the treatment of
bacterial infections, so its administration should also reduce
the numbers of bacteria, the amount of LPS, and therefore
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Fig. 3. Azithromycin (AZM) inhibits nuclear translocation of nuclear factor kappa B (NF-kB). (a) Electrophoretic mobility shift assay (EMSA)

showing the binding of nuclear factors to the NF-kB p65 wild-type oligo probe. The labelled NF-kB probe was incubated with nuclear extract from

immature DCs (im-DCs) stimulated with or without lipopolysaccharide (LPS). In lane 1, a labelled NF-kB probe was added to control im-DCs. In

lanes 2 or 3, a labelled NF-kB probe with a 100-fold molar excess of unlabelled NF-kB wild-type or mutant competitor oligos was added to im-DCs

stimulated with LPS, respectively. In lane 4, labelled NF-kB probe was added to control im-DCs stimulated with LPS. In lanes 5–7, a labelled NF-kB

probe was added to AZM-treated im-DCs stimulated with LPS. In lane 5, 50 mg/ml AZM was added on day 6. In lane 6, 75 mg/ml AZM was added

on day 6. In lane 7, 50 mg/ml AZM was added on days 0, 3 and 6. (b) The NF-kB DNA–protein complexes were analysed on a Fuji BASS 1000

imaging analyser. The results are representative of three independent experiments. n.s.: not significant’ *P < 0·01; **P < 0·001.
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overproduction of proinflammatory cytokines in infected
hosts. Some investigators also recently verified that the
molecular signalling pathways of DC–T lymphocyte interac-
tion might be novel targets for induction of transplant
tolerance or handling of allograft immunity. Further studies
of the in vivo effects of AZM in organ transplantation, such
as haematopoietic stem cell transplantation, are clearly
warranted.
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