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Abstract
Aim: To investigate the effects of adenoviral gene transfer of IκBα mutant (IκBαM),
a novel inhibitor of nuclear factor κB (NF-κB), on apoptosis, phenotype and func-
tion of human monocyte-derived dendritic cells (DC).  Methods: Monocytes,
cocultured with granulocyte/macrophage colony-stimulating factor (GM-CSF; 900
ng/mL) and interleukin (IL)-4 (300 ng/mL) for 5 d, followed by stimulation with
lipopolysaccharide (LPS; 100 ng/mL) for 2 d differentiated into mature DC.  Mono-
cytes were either left untransfected or were transfected with AdIκBαM or AdLacZ.
The transcription and expression of the IκBαM gene, and the inhibitory effect of
IκBαM on tumor necrosis factor (TNF)-α-induced NF-κB activation in mature DC
were detected by polymerase chain reaction (PCR), reverse transcription-poly-
merase chain reaction (RT-PCR), Western blot analysis, and electrophoretic mobil-
ity shift assays, respectively.  The phenotype, apoptosis, IL-12 secretion level of
DC, and ability to stimulate the proliferation of T cells were determined by flow
cytometry, enzyme-linked immunosorbent assay and mixed leukocyte reaction.
Results: PCR and RT-PCR were used to detect a unique 801 bp band in AdIκBαM-
transfected mature DC, and also a dose- and time-dependent expression of the
IκBαM gene, which peaked at a multiplicity of infection of 100 pfu/cell and at 48 h.
Furthermore, AdIκBαM significantly suppressed the TNF-α-induced NF-κB
activation, augmented apoptosis, downregulated CD80, CD83, and CD86 surface
molecules, IL-12 secretion levels and the ability to stimulate the proliferation of T
cells in mature DC.  Conclusion: AdIκBαM effectively transfected and potently
inhibited NF-κB activation in monocyte-derived mature DC.  Overexpression of
the IκBαM gene in mature DC may contribute to T-cell immunosuppression through
induction of DC apoptosis and downregulation of B7 molecules, providing a po-
tential strategy for future DC-based immunotherapy of asthma.
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Introduction
Atopic asthma, characteristic of eosinophilic airway

inflammation, is now regarded as a T-helper 2 (Th2) cell-
mediated disorder, which is under the control of dendritic
cells (DC)[1].  Studies in rodents and humans have revealed
the presence of an extensive network of DC in airways[2,3].
Upon maturation in vivo or in vitro, DC become less phago-
cytic and more potent antigen-presenting cells (APC),
expressing high levels of major histocompatibility complex

(MHC) class II and costimulatory molecules as well as proin-
flammatory cytokines.  As the most potent professional APC
identified, DC play a central role in inducing the primary
immune response, priming the naive T cells, initiating the
immune tolerance, and regulating the types of T cell re-
sponses[4].

Nuclear factor κB (NF-κB), which is typical of p50/p65
heterodimers, is sequestered as inactive trimers in the cyto-
plasm of quiescent cells through interaction with IκBα, the
most important member of the inhibitors of  NF-κB (IκB)
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family.  Multiple signals converge on the common signaling
pathway for NF-κB activation upon sequential phosphory-
lation of IκBα at the Ser 32/36 residues of the N-terminal
domain, and subsequent proteolytic degradation[5].  Recent
data suggest that NF-κB overactivation may be the basis for
increased expression of myriad inflammatory genes and for
the perpetuation of chronic airway inflammation in asthma[6,7].
More recently, we have cloned the 801 bp Chinese IκBα
mutant (IκBαM) gene (203–1003 bp) encoding 267 amino
acids from human placenta, a novel nondegradable super-
repressor of NF-κB, by site-directed deletion of the N-termi-
nal phosphorylation sites of Ser 32/36, and constructed a
replication-deficient recombinant adenovirus vector
AdIκBαM[8].  These mutations prevent IκBαM phosphoryla-
tion, retaining NF-κB in its inactivated cytosolic location
complexed with IκBαM.  DC maturation and cytokine pro-
duction are NF-κB-dependent, thus, we investigated the ef-
fects of adenoviral gene transfer of IκBαM on apoptosis,
phenotype and function of DC derived from human mono-
cytes to explore a possible approach for future DC-based
immunotherapy of asthma.

Materials and methods

Reagents  Recombinant human granulocyte/macrophage
colony-stimulating factor (GM-CSF), interleukin 4 (IL-4), and
tumor necrosis factor α (TNF-α) were generously provided
by Dr Guang-yong PENG (Baylor College of Medicine, Dallas,
USA).  Lipopolysaccharide (LPS) was purchased from Sigma
Chemical Co (St Louis, MO, USA).  Fluorescein isothio-
cyanate (FITC)-conjugated mouse anti-human CD14, HLA-
DR, CD83 and CD80 were bought from Serotec (UK), and
phycoerythrin (PE)-conjugated mouse anti-human CD86
were bought from Diaclone (USA).  Taq DNA polymerase
and T4 DNA ligase were obtained from Gibco BRL (USA).
[γ-32P] adenosine triphosphate and [3H] thymidine (TdR) were
provided by Beijing Furui Biotechnology (China).

Vectors  The serotype 5-, E1-, and E3-defective adeno-
viruses expressing Escherichia coli β-galactosidase (AdLacZ)
and human IκBαM (AdIκBαM) were constructed as describ-
ed previously[8].  Remarkably, the molecular weight of novel
IκBαM was deduced to be 30 kDa.  The generated titers of
AdLacZ and AdIκBαM were approximately 1.0×1010 and
4.0×109 pfu/mL, respectively.

Cell culture  Blood buffy coat from healthy donors
(Jiangsu Institute of Hematology) was centrifuged on Ficoll-
Paque (Pharmacia, Sweden) to acquire human peripheral
blood mononuclear cells (PBMC).  Monocytes were derived
from PBMC depleted of NK, B-, and T cells with anti-CD16,

anti-CD19 and anti-CD3, as well as goat anti-mouse Ig-con-
jugated magnetic beads (Miltenyi Biotec, USA) as previ-
ously described[9].  These were plated (1×107 cells/3 mL per
well) into 6-well plates in RPMI-1640 medium supplemented
with 10% fetal calf serum (FCS; Gibco BRL, USA).  Cells were
cultured at 37 °C in 5% CO2 in medium supplemented with
GM-CSF (900 ng/mL) and IL-4 (300 ng/mL).  Cultures were
fed every 2 d with half of the culture volume of full doses of
cytokines.  On d 5 cells were stimulated with LPS (100 ng/mL)
to induce maturation, and the suspended cells were harvested
on d 7.

Electron microscopy  On d 7 cells were washed once in
phosphate-buffered saline (PBS), resuspended, and fixed
overnight in 2% paraformaldehyde and 2.5% glutaraldehyde,
followed by fixation for 1 h in 1% cacodylate-buffered
osmium tetraoxide.  After dehydration in a series of ethanol
and propylene oxide solutions, the cells were embedded in
epoxy resin, ultrathinly sectioned, stained with uranyl
acetate and lead citrate, and examined under a scanning elec-
tron microscope (SEM; SX-40; Akashi, Japan).  Additionally,
the prepared cells were routinely stained and examined un-
der a transmission electron microscope (TEM; JEM-1010;
Jeol, Japan).

Gene transfer  Adenoviral transfections were performed
in 60 mm plates with mature DC at 5×105 cells/plate on d 7.
For adenoviral transfections, medium was removed from each
plate and replaced with 2 mL of medium containing either
AdIκBαM at multiplicity of infection (MOI) of 25, 50, or 100
pfu/cell, or AdLacZ at an MOI of 50 pfu/cell for 4 h, followed
by incubation in fresh RPMI-1640 medium supplemented with
10% FCS at 37 °C and in 5% CO2 for an additional 24 h and
48 h, respectively.  The untransfected mature DC were used
as normal controls.

PCR and RT-PCR  DNA and RNA were extracted from
mature DC, either untransfected or transfected with AdIκBαM
and AdLacZ, using Wizard plasmid isolation and Trizol kits
(Promega, USA), according to the manufacturer’s instruc-
tions, and the RNA was reverse-transcribed into cDNA for
templates.  Primers were designed using Primer Express soft-
ware and were as follows: forward primer 5'-CCTCTAGAA-
TGAAAGACGAGGAGTACGAG-3' and reverse primer 5'-
TGGTACCTCACAGCTCGTCCTCTGTGAACTCCGTG-3'.
The reaction started with an initial denaturation at 94 °C for
5 min, followed by 35 cycles of denaturation at 94 °C for
1 min, annealing at 54 °C for 1 min and extension at 72 °C for
1 min and additional extension of 10 min, after which 5 µL of
each product was quantified by 1% agarose gel electro-
phoresis.

Western blot analysis  After 24 or 48 h of overexpression
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of the genes of interest, cytosolic proteins were prepared as
described elsewhere[10] and quantitated by using the Brad-
ford assay.  Equivalent amounts of denatured protein (100
µg) were separated on 10% sodium dodecyl sulfate (SDS)-
polyacrylamide gel, and electrophoretically transferred to
nitrocellulose membranes.  Nonspecific binding to the mem-
brane was blocked with 5% nonfat dry milk in PBS-Tween
overnight at 4 °C.  Blots were washed in PBS-Tween, and
then probed with anti-human IκBα antibody (1:1000 dilution)
and horseradish peroxidase-conjugated anti-goat IgG (1:5000
dilution, Santa Cruz Biotechnology, USA) for 2 h at room
temperature.  Immunoblots were visualized with an enhanced
chemiluminescence detection kit (Amersham Life Sciences,
USA).

Electrophoretic mobility shift assay  After 48 h over-
expression of target genes, DC were harvested upon stimu-
lation with 10 ng/mL TNF-α for 30 min.  Preparation of nuclear
extracts and the electrophoretic mobility shift assay (EMSA)
were carried out as described previously[11].  The NF-κB oli-
gonucleotide (5'-AGTTGAGGGGACTTTCCCA-GGC-3') con-
tained a consensus NF-κB motif (underlined), and the mu-
tant NF-κB oligonucleotide (5'-AGTTGAGGGT-CCTTTCC-
CAGGC-3'; Promega, USA) was used as a mutant competitor.
Five micrograms of nuclear extracts were incubated with 30
fmol of [32P]-labeled oligonucleotide by T4 polynucleotide
kinase for 30 min at room temperature.  DNA-protein com-
plexes were electrophoretically resolved on 5% nondenatured
polyacrylamide gel, which was visualized and quantitated
by PhosphorImager (Molecular Dynamics) using ImageQuant
software (Amersham Life Sciences, USA).  For competition
assays, a 100-fold excess of unlabeled NF-κB or mutant NF-κB
oligonucleotide was added to the nuclear extracts from TNF-
α-stimulated cells 10 min before exposure to the [32P]-labeled
probe.

Flow cytometry  DC that were either untransfected or
transfected with AdIκBαM or AdLacZ were incubated at a
density of 1×105 cells/100 µL with 10 µL FITC- or PE-conju-
gated monoclonal antibodies for 30 min at room temperature.
The cells were washed once in PBS or fixed with 1% para-
formaldehyde, then the surface markers of mature DC were
assessed by FACScan (Becton Dickinson, USA).  In addition,
apoptosis of mature DC was immediately analyzed by
FACScan after staining with 5 µL annexin V (AV)-FITC and 5
µL propidium iodide (PI) for 20 min at 4 °C.  The total cell
population consisted of DC that were AV single positive
(apoptotic), PI single positive (necrotic), AV and PI double
positive (apo-necrotic), or AV and PI double negative (live).

Enzyme-linked immunosorbent assay  Supernatants from
mature DC were harvested 48 h after transfection with

AdIκBαM and AdLacZ.  Levels of IL-12 (p70) were deter-
mined using a sandwich enzyme-linked immunosorbent
assay (ELISA) kit (PharMingen, USA) in compliance with
the manufacturer’s instructions.

Mixed leukocyte reaction  Allogeneic T cells were
obtained from nylon wool nonadherent PBMC by negative
selection, with a purity of more than 95%[12].  T cells were
cultured in triplicate in 96-well flat-bottomed plates at 2×105

cells/well, to which nonautologous mature DC, either untrans-
fected or transfected with AdIκBαM and AdLacZ, were added
at 2×103, 4×103, 10×103, or 20×103 cells/well.  Plates were incu-
bated at 37 °C and 5% CO2 for 96 h, and pulsed with 0.5
µCi/well of [3H]thymidine for the final 16 h before harvesting
on filters for scintillation counting.  Counts per minute (cpm)
of triplicate wells were deduced by subtracting the back-
ground cpm of the medium alone.

Statistical analysis  Data were expressed as mean±SD,
and assessed by one-way analysis of variance (ANOVA)
and paired Student’s t-tests with SPSS 11.0 software.  Statis-
tical difference was assumed at P<0.05.

Results

Morphology of mature DC   In culture with GM-CSF and
IL-4 for 5 d, monocytes differentiated into mature DC after
stimulation with LPS for 2 d.  The mature DC showed promi-
nent dendritic and veiled projections (>10 µm) on d 7 under
the SEM (Figure 1A), and displayed plentiful surface den-
drites and cytosolic vesicles mostly of endocytic type, but a
relatively immature Golgi zone under the TEM (Figure 1B).

Detection of IκBαM gene in mature DC  Electrophoretic
analysis of both PCR and RT-PCR products revealed the
unique 801 bp IκBαM cDNA in AdIκBαM-transfected, but
not in AdLacZ-transfected or untransfected, mature DC,
indicating that the IκBαM gene is integrated into the
genome and transcribed in infected mature DC (Figure 2A).
As determined by Western blot analysis, the tagged
transgene product can be visualized as being slightly larger
than the native IκBα.  A dose- and time-dependent increase
in IκBαM expression can be seen in AdIκBαM-transfected
mature DC, which peaked at an MOI of 100 pfu/cell and at 48
h (Figure 2B).

Inhibition by AdIκBαM of TNF-α-induced NF-κB acti-
vation in mature DC  The function of AdIκBαM in blocking
NF-κB binding was assessed by EMSA.  In contrast to a
basal NF-κB activity in the control (untransfected and
nonstimulated) DC, the TNF-α-stimulated DC exhibited a dra-
matically promoted NF-κB activity (P<0.01).  Gene transfer
of IκBαM, but not LacZ, at an MOI of 100 pfu/cell and 48 h
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sharply inhibited the NF-κB activity compared with the TNF-
α-stimulated DC (P<0.01), suggesting that AdIκBαM inhib-
its TNF-α-induced NF-κB activation in mature DC (Figure
3A, 3B).  In competition assays, addition of 100-fold excess
of unlabeled NF-κB, but not mutant NF-κB, oligonucleotide

affected NF-κB binding, confirming the specificity of NF-κB
binding (Figure 3A).

Induction by AdIκBαM of apoptosis in mature DC  Flow
cytometry revealed low levels of normal apoptosis in mature
DC on d 7, with a higher level of apoptosis 48 h later (P<
0.01).  Optimal gene transfer of IκBαM, but not LacZ, signifi-
cantly augmented the apoptosis of mature DC (P<0.01), dem-
onstrating that AdIκBαM facilitates apoptosis in mature DC
(Figure 4).

Figure 1.  Electron microscopy analysis of morphology of the ma-
ture DC.  (A) The monocyte-derived mature DC acquired the charac-
teristic dendrites and veiled projections (SEM, ×7000).  (B) In addi-
tion to ample surface dendrites, the mature DC displayed plentiful
cytosolic mitochondria and rough endoplasmic reticula, but few lyso-
somes and Golgi complexes (TEM, ×12 000).

Figure 2.  PCR, RT-PCR, and Western blot analyses of the IκBαM gene.  (A) PCR and RT-
PCR detected a unique 801 bp band in AdIκBαM- but not AdLacZ-transfected mature DC.
Lane M: DNA marker; lanes 1 and 4 , 2 and 5, 3 and 6: AdIκBαM-transfected, AdLaZ-
transfected, and untransfected DC, respectively.  (B) Western blot analysis confirmed that,
other than basal levels of wild-type IκBα, overexpression of IκBαM was observed dose- and
time-dependently in the AdIκBαM-transfected mature DC, which peaked at an MOI of 100
pfu/cell and at 48 h.

Figure 3.  Inhibition by AdIκBαM of TNF-α-induced NF-κB activa-
tion in mature DC.  (A) EMSA.  Lane 1: no nuclear extracts; lane 2:
control; lane 3: mature DC stimulated with 10 ng/mL TNF-α for 30
min; lanes 4 and 5: pretreated with 50 pfu/cell of AdLacZ and AdIκBαM
for 48 h, respectively, followed by stimulation with 10 ng/mL TNF-α
for 30 min.  Lanes 6 and 7 (competition assay): addition of a 100-
fold excess of unlabeled NF-κB and mutant NF-κB oligonucleotide
probes, respectively.  Note that the nuclear extracts of lanes 4–7
were derived from those of lane 3.  The free DNA probe is not shown.
(B) Relative DNA-binding activity of NF-κB in EMSA.  n=3.  Data
are mean±SD.  bP<0.05, cP<0.01 vs the control group; fP<0.01 vs the
TNF-α-stimulated group.
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Effects of AdIκBαM on phenotype and function of
mature DC  Flow cytometry revealed low levels of CD14, but
high levels of HLA-DR, CD83, CD80, and CD86 in mature
DC.  Except for similar levels of CD14 and HLA-DR (P>0.05),
optimal gene transfer of IκBαM, but not LacZ, greatly
downregulated the levels of CD83, CD80, and CD86 in ma-
ture DC, among which CD80 had a smaller decrease than did
CD86 (all P<0.01).  Notably, the mature DC overexpressing
IκBαM still secreted high levels of CD83, which is a hallmark
of maturation.  These results imply that downregulation of
the B7 surface molecules by AdIκBαM in mature DC may

contribute to the immune shift of T cells (Figure 5, Table 1).
ELISA confirmed that gene transfer of IκBαM, but not LacZ,
resulted in a lower secretion levels of IL-12 (p70) in mature
DC (P<0.01, Figure 6).  The mixed leukocyte reaction revealed,
in parallel with the ratio of DC:T cells, a similar potency for
stimulating the proliferation of allogeneic T cells between
AdLacZ-transfected and untransfected mature DC.  In
contrast, the AdIκBαM-transfected mature DC embodied a
strikingly decreased mixed leukocyte reaction in comparison
with the AdLacZ-transfected mature DC (P<0.05 or 0.01;
Figure 7).

Table 1.  Effect of AdIκBαM on surface markers in mature DC (%).  n=6.  Data are mean±SD.  bP<0.05, cP<0.01 vs the untransfected group;
fP<0.01 vs the AdLacZ-transfected group.

            Groups                                          CD14                      HLA-DR                     CD83                       CD80                     CD86

Untransfected 6.8±1.2 91.2±4.3 86.7±5.9 90.8±3.5 93.7±4.0
AdLacZ-transfected 7.1±1.0 92.5±6.1 85.8±6.3 92.4±4.4 95.2±3.5
AdIκBαM-transfected 7.0±1.3 94.3±5.7 78.5±5.4b 80.2±4.8cf 61.9±4.6cf

Figure 5. Effect of AdIκBαM on the phe-
notype of mature DC (histogram, flow
cytometry).  Both control and AdLacZ-
transfected mature DC expressed low levels
of CD14, and high levels of HLA-DR, CD83,
CD80, and CD86. Overexpression of IκBαM,
but not LacZ, greatly downregulated the
levels of CD83, CD80, and CD86, except
for CD14 and HLA-DR. Blue: isotype-
matched DC; red: AdIκBαM-transfected
DC; green: AdLacZ-transfected DC; black:
untransfected control DC. One of 6 inde-
pendent experiments is shown.

Figure 4.  Induction by AdIκBαM of apoptosis in mature DC (dotplot, flow cytometry).  LPS-stimulated mature DC exhibited normal low
levels of apoptosis on d 7, together with an augmentation of apoptosis 48 h later.  Overexpression of IκBαM, but not LacZ, sharply promoted
the apoptosis of mature DC.  n=4.  Data are mean±SD.  One of 4 independent experiments is shown.
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Discussion
T-cell stimulation and Th1/Th2-cell polarization require 3

DC-derived signals: signal 1 (recognizing signal), which is
mediated through T-cell receptor (TCR) triggering by MHC
class II-associated peptides processed from pathogens; sig-
nal 2 (costimulatory signal), which is mainly mediated by
triggering of T cell CD28 by CD80 (B7-1) and CD86 (B7-2);
and signal 3 (polarizing signal), which is mediated by vari-
ous soluble or membrane-bound factors[13–15].

NF-κB plays a crucial role in antiapoptosis by regulation
of the transcription of cytokine genes, induction of the
antiapoptotic genes, and promotion of the TNF receptor-
associated factors and the inhibitor-of-apoptosis proteins

to block the activation of caspase-8[16,17].  IκBα, a 37 kDa
inhibitory protein, is arranged in 3 domains: the N-terminal
domain-containing specific phosphorylation sites, the inter-
nal domain of 5 tandem ankyrin repeat sequences, and the C-
terminal domain containing Pro-Glu-Ser-Thr polypeptides for
regulation of NF-κB activity, binding of NF-κB, and rapid
protein turnover, respectively[18].  IκBα retains the p65-con-
taining NF-κB complex in the cytoplasm by masking its
nuclear localization sequence (NLS).  Upon appropriate
stimulation, for example by IL-1β, TNF-α, or LPS, IκBα
undergoes phosphorylation on two serine residues, Ser 32
and Ser 36, which renders IκBα susceptible to proteolytic
degradation via the ubiquitin-proteasome pathway, result-
ing in release and nuclear translocation of NF-κB.  Conse-
quently, the active NF-κB, singlely or in combination with
other nuclear factors, initiates transcription of target genes
associated with immune and inflammatory responses.  As
for the inflammatory cascade, NF-κB repression in airways
through suppression of IκBα degradation or augmentation
of IκBα synthesis can downregulate transcription of an
array of the NF-κB-dependent genes, which is more effec-
tive than blockade of single downstream inflammatory or
immune genes[19].

In the present study, monocytes cocultured with GM-
CSF and IL-4 differentiated into mature DC upon stimulation
with maturation inducer LPS.  The IκBαM gene was suc-
cessfully delivered into the monocyte-derived mature DC,
and was expressed time- and dose-dependently.  Importantly,
NF-κB-blocked mature DC by AdIκBαM obviously inhib-
ited the proliferation of T cells, which is in agreement with
the report that selective inhibition of NF-κB in DC by the
NF-κB essential modulator-binding domain peptide blocks
maturation and prevents T-cell proliferation, accompanied
by less Th1 and Th2 polarization[20].  Furthermore, TNF-α-
induced NF-κB activation of mature DC was significantly
attenuated by AdIκBαM, and the NF-κB-blocked mature DC
were more susceptible to apoptosis than those transfected
with AdLacZ.  Nevertheless, blockade of NF-κB in mature
DC, other than little change in HLA-DR related to antigen-
presentation, caused striking downregulation of the B7
costimulatory molecules.  It is deduced, therefore, that
AdIκBαM might, in part, facilitate the antigen-specific
immune tolerance of T cells via induction of DC apoptosis
and downregulation of B7 molecules.

Asthma is, per se, a multigenetically susceptible clinical
syndrome, in which sensitized individuals develop an aber-
rant Th2-dominated immunity for the underlying basis of
eosinophilic airway inflammation[10,14].  B7-1 and B7-2 differ-
entiate the Th0 cells into a Th1 subset for cellular immunity

Figure 6.  Suppression by AdIκBαM of IL-12 (p70) secretion levels
in mature DC (ELISA). Immature DC secreted low levels of IL-12
(p70), but the LPS-stimulated mature DC had higher levels of IL-12
(p70).  Overexpression of IκBαM, but not LaZ, significantly sup-
pressed the secretion levels of IL-12 (p70).  n=3.  Data are mean±SD.
cP<0.01 vs the immature DC; fP<0.01 vs the mature DC.

Figure 7. Prohibition by AdIκBαM of DC-stimulated proliferation
of T cells (mixed leukocyte reaction). Both AdLacZ-transfected and
untransfected mature DC exerted similar potency for stimulating the
proliferation of T cells in proportion to the ratio of DC:T cells.
However, the MLR of AdIκBαM-transfected DC was significantly
ameliorated relative to that of the AdLacZ-transfected DC. n=3.
Data are mean±SD. bP<0.05, cP<0.01 vs the untransfected or AdLacZ-
transfected mature DC.
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and a Th2 subset for humoral immunity, respectively[1,13,15].
Interestingly, downregulation of B7-2 was more effective than
that of B7-1 in the mature DC overexpressing IκBαM, indi-
cating that blockade of NF-κB in DC may, to some extent,
contribute to rectifying the Th1/Th2 imbalance in asthmatics.
It is noteworthy that Th2 development could be the default
pathway induced by DC when the production of IL-12 is
quite low[2].  As the major effective treatment for asthma,
corticosteroids, like all pharmacologic agents that have been
shown to inhibit NF-κB, have numerous other effects that
could limit their therapeutic usefulness[21].  Currently, there
is much interest in identifying more specific and effective
NF-κB inhibitors, among which the IκBαM is a novel NF-κB
inhibitor.  Although blocking the NF-κB pathway is unlikely
to be a clinically beneficial approach due to the broad range
of genes involved, it is of importance to understand the role
of NF-κB during specific immune responses for identifying
relevant molecules as potential therapeutic targets[22].

In summary, our findings suggest that the AdIκBαM is
applicable to both effective gene transfer of IκBαM and spe-
cific blockade of NF-κB in monocyte-derived mature DC.
Moreover, the ability of mature DC overexpressing IκBαM
to induce DC apoptosis and downregulate B7 molecules high-
lights an important mechanism for T-cell immune suppres-
sion.  The successful downregulation of T-cell responses
following inhibition of NF-κB in mature DC offers a potential
strategy for future immunotherapy of asthma[23,24].  Antigen-
specific T-cell immune tolerance could be induced by selec-
tive blockade of NF-κB with AdIκBαM in antigen-primed
mature DC (ie by pollen, ragweed, house dust mite, etc).
Alternatively, the DC-mediated Th1-dominated response is
promising for amelioration of the undue Th2 by AdIκBαM in
combination with Th1-inducing agents, such as CpG
oligodeoxynucleotide, purified protein derivative and bacilli
Calmette-Guerin[25,26].

Acknowledgements
We would like to thank Prof Joel N KLINE (Division of

Pulmonary Medicine, University of Iowa Hospitals and
Clinics) and Prof Gang HU (Department of Pharmacology
and Neurobiology, Nanjing Medical University) for helpful
comments and critical review of the manuscript.

References
1 Zhou LF, Yin KS.  Toll-like receptors: function and roles in

asthma.  Chin Med J 2004; 117: 1709–15.
2 Mazzoni A, Young HA, Spitzer JH, Visintin A, Segal DM.  Hista-

mine regulates cytokine production in maturing dendritic cells,
resulting in altered T-cell polarization.  J Clin Invest 2001; 108:

1865–73.
3 Zhou LF, Yin KS, Zhou ZM.  Role of low dosage arsenic trioxide

on pulmonary dendritic cells in asthmatic mice.  Chin J Integr
Med 2003; 9: 281–4.

4 Blanco P, Palucka KA, Gill M, Pascual V, Banchereau J.  Induc-
tion of dendritic cell differentiation by IFN-α in systemic lupus
erythematosus.  Science 2001; 294: 1540–3.

5 Christman JW, Sadikot RT, Blackwell TS.  The role of nuclear
factor κB in pulmonary diseases.  Chest 2000; 117: 1482–7.

6 Woodruff PG, Fahy JV.  Asthma: prevalence, pathogenesis, and
prospects for novel therapies.  JAMA 2001; 286: 395–8.

7 Zhou LF, Yin KS, Zhu ZL, Yao X, Xie WP, Mao H, et al.  Inhi-
bition of nuclear factor κB activation through induction of IκBα
expression by arsenic trioxide in a murine model of asthma.
Respirology 2004; 9 Suppl: A94.

8 Zhou LF, Yin KS, Zhu ZL, Zhu Yi, Yao X, Mao H, et al.  Adenovi-
rus-mediated overexpression of novel mutated IκBα inhibits
nuclear factor κB activation in endothelial cells.  Chin Med J
2005; 118: 1422–8.

9 Palucka KA, Taquet N, Sanchez-Chapuis F, Gluckman JC.  Den-
dritic cells as the terminal stage of monocyte differentiation.  J
Immunol 1998; 160: 4587–95.

1 0 Zhu Z, Zheng T, Homer RJ, Kim YK, Chen NY, Cohn L, et al.
Acidic mammalian chitinase in asthmatic Th2 inflammation and
IL-13 pathway activation.  Science 2004; 304: 1678–82.

1 1 Pasare C, Medzhitov R.  Toll pathway-dependent blockade of
CD4+CD25+ T-cell-mediated suppression by dendritic cells.  Sci-
ence 2003; 299: 1033–6.

1 2 Eisenbarth SC, Piggott DA, Huleatt JW, Visintin I, Herrick CA,
Bottomly K.  Lipopolysaccharide-enhanced, Toll-like receptor
4-dependent T helper cell type 2 responses to inhaled antigen.  J
Exp Med 2002; 196: 1645–51.

1 3 Lambrecht BN.  The dendritic cell in allergic airway diseases: a
new player to the game.  Clin Exp Allergy 2001; 31: 206–18.

1 4 Zhou LF, Yin KS.  The role of B7-CD28/CTLA-4 costimulatory
pathway in bronchial asthma.  Chin J Cell Mol Immunol 2002;
18: 656–8.

1 5 Kapsenberg ML.  Dendritic-cell control of pathogen-driven T-
cell polarization.  Nat Rev Immunol 2003; 3: 984–93.

1 6 Cui XF, Imaizumi T, Yoshida H, Tanji K, Matsumiya T, Satoh K.
Lipopolysaccharide induces the expression of cellular inhibitor
of apoptosis protein-2 in human macrophages.  Biochim Biophys
Acta 2000; 1524: 178–82.

1 7 Fang F, Wang AP, Yang SF.  Antitumor activity of a  novel
recombinant muta nt human tumor necrosi s fa ctor-rela ted
apoptosis-inducing ligand.  Acta Pharmacol Sin 2005; 26: 1373–
81.

1 8 Zhao GH, Vaszar LT, Qiu DM, Shi LF, Kao PN.  Anti-inflammtory
effects of triptolide in human bronchial epithelial cells.  Am J
Physiol Lung Cell Mol Physiol 2000; 279: L958–66.

1 9 Fan C, Li Q, Ross D, Engelhardt JF.  Tyrosine phosphorylation
of I kappa B alpha activates NF-kappa B through redox-regu-
la ted and c-Src-dependent mechanism following hypoxia/
reoxygenation.  J Biol Chem 2003; 278: 2072–80.

2 0 Tas SW, de Jong EC, Hajji N, May MJ, Ghosh S, Vervoordeldonk
MJ, et al.  Selective inhibition of NF-κB in dendritic cells by the
NEMO-binding domain peptide blocks maturation and prevents
T-cell proliferation and polarization.  Eur J Pharmacol 2005; 35:



616

 Acta Pharmacologica Sinica ISSN 1671-4083Zhou LF et al

1164–74.
2 1 Jamaluddin M, Choudhary S, Wang S, Casola A, Huda R, Garofalo

RP, et al.  Respiratory syncytial virus-inducible BCL-3 expres-
sion antagonizes the STAT/IRF and NF-kappa B signaling path-
ways by inducing histone deacetylase 1 recruitment to the
interleukin-8 promoter.  J Virol 2005; 79: 15302–13.

2 2 Calder VL, Bondeson J, Brennan FM, Foxwell BMJ, Feldmann M.
Antigen-specific T-cell downregulation by human dendritic cells
following blockade of NF-κB.  Scand J Immunol 2003; 57: 261–
70.

2 3 Luft C, Hausding M, Finotto S.  Regulation of T-cells in asthma:
implications for genetic manipulation.  Curr Opin Allergy Clin

Immunol 2004; 4: 69–74.
2 4 Xie WP, Wang H, Ding JH, Wang H, Hu G.  Anti-proliferating

effect of iptakalim, a novel KATP channel opener, in cultured
rabbit pulmonary arterial smooth muscle cells.  Eur J Pharmacol
2005; 511: 81–7.

2 5 Ji Y, Han Y, Diao JX, Huang Y, Chen Q, Ferro A.  Rabbit aortic
endothelial dysfunction by low-density lipoprotein is attenuated
by L-arginine, L-ascorbate and pyridoxine.  Br J Pharmacol 2003;
140: 1272–82.

2 6 Peng GY, Guo Z, Kiniwa Y, Voo KS, Peng WY, Fu TH, et al.
Toll-like receptor 8-mediated reversal of CD4+ regulatory T-cell
function.  Science 2005; 309: 1380–4.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

American College of Clinical Pharmacology
35th Annual Meeting

2006 September 17-19

Cambridge, MA, USA

www.ACCP1.org



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


