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Abstract. Manassantin A (MSA) inhibits nitric oxide production by macrophages through the

inhibition of NF-κB activation, but the effect of MSA on dendritic cells has not been elucidated

yet. Here we investigated the inhibitory effects of MSA on immune functions of dendritic cells

(DCs). MSA inhibited lipopolysaccharide (LPS)-induced phenotypic maturation of DCs, which

was proved by the decreased expression of CD40, CD80, CD86, MHC-I, and MHC-II. MSA also

inhibited functional maturation of DCs, that is, decreased the gene expression of IL-12, IL-1β,

TNF-α, and IFN-α/β; enhanced antigen capture capacity of DCs; and impaired induction of

allogenic T cell activation. As a mechanism of action, MSA inhibited LPS-induced activation of

NF-κB, ERK, p38, and JNK, which played pivotal roles in toll-like receptor 4–mediated DC

maturation. Collectively, these results suggested that MSA might be used for the treatment of

DC-related immune diseases.
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Introduction

Dendritic cells (DCs) are antigen-presenting cells that

are believed to possess immune sentinel properties.

Being the most potent antigen presenting cells in vitro

and in vivo, they play a key role in the initiation of the

immune response and are considered promising tools

and targets for immunotherapy (1 – 3). Immature DCs

capture and process exogenous agents within peripheral

tissues, in which they begin to mature. In tissues, DCs

are equipped to capture antigens and produce large

numbers of immunogenic MHC-peptide complexes. In

the presence of maturation-inducing stimuli such as

inflammatory cytokines or stimulation via CD40 ligand

or lipopolysaccharide (LPS), DCs up-regulate adhesion

and co-stimulatory molecules to become more potent

stimulators of T cell immunity (4, 5). The three major

mitogen-activated protein kinases (MAPKs), the extra-

cellular signal-regulated kinases (ERK), the c-Jun N-

terminal kinases (JNK), and p38 MAPK are activated in

DCs on maturation induced by LPS or TNF-α. Another

intracellular component involved in DC maturation is

the transcription factor NF-κB (6 – 9).

Saururus chinensis (Saururaceae) is a perennial herb

distributed in Japan, China, and Korea; and it has been

used in folk medicine to treat edema and gonorrhea and

also as a uretic in Korean traditional medicine.

Manassantin A (MSA), a dineolignan isolated from

Saururus cernuus, was known to inhibit NF-κB activa-

tion and nitric oxide production in macrophages (10,

11). In addition, MSA inhibited hypoxia-inducible

factor-1α (HIF-1α) by blocking protein accumulation

without affecting mRNA levels. HIF-1α represented an

important tumor-selective therapeutic target for solid

tumors and over-expression of HIF-1α was a negative

indicator for tumor treatment outcome. Therefore, MSA

might be considered as a valuable candidate for the

intervention of a pathological condition such as inflam-

mation and cancer.

Here we investigated the suppressive activity of MSA

on DCs, which were responsible for the initiation of

T cell-mediated immunity. In vitro pharmacological

modifications of maturation and function of DCs might

be useful to optimize their capacity to modulate T cell–
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mediated immune responses, thus offering new opportu-

nities to develop immunotherapeutic protocols. We

found that MSA inhibited phenotypic and functional DC

maturation stimulated with LPS. The inhibition was

correlated with blockade of the MAPKs and NF-κB

pathway.

Materials and Methods

Materials

Female C57BL /6 and BALB /c mice (6 – 8 weeks of

age) were obtained from Korea Research Institute of

Bioscience and Biotechnology (Chungbuk, Korea).

Mice were housed in specific pathogen-free conditions

at 21°C – 24°C and 40% – 60% relative humidity under

a 12-h light /dark cycle. All animals were acclimatized

for at least 1 week prior to the experiments. The experi-

mental procedures used in this study were approved by

the KRIBB Animal Experimentation Ethics Committee.

Anti-mouse antibodies against CD11c, CD40, CD80,

CD86, MHC-I, and MHC-II were purchased from

Invitrogen Corporation (Carlsbad, CA, USA). ERK,

p38, and JNK were purchased from Cell Signaling

(Danvers, MA, USA).

Isolation of mouse DCs

DCs were generated from bone marrow (BM) cells

obtained from 6 – 7-week-old female mice (12). Briefly,

BM cells were flushed out from femurs and tibias. After

lysing red blood cells, whole BM cells (2 × 105 cells /ml)

were cultured in 100-mm2 culture dishes in 10 ml /dish

of complete medium containing 2 ng /ml GM-CSF. On

culture day 3, another 10 ml of fresh complete medium

containing 2 ng /ml of GM-CSF was added, and on

day 6, half of the medium was changed. On day 8,

non-adherent and loosely adherent DCs were harvested

by vigorous pipetting and used as immature DCs

(iDCs). iDCs recovered from these cultures were

generally >85% CD11c+ and MHC-IImed-high, CD80med,

and CD86low-med.

Phenotype analysis

Phenotypic maturation of DCs was analyzed by flow

cytometry (12). Cell staining was performed using a

combination of FITC-conjugated anti-CD80, anti-CD86,

or anti-MHC and PE-conjugated CD11c antibody. Cells

were analyzed using a FACSCalibur flow cytometer

(BD Biosciences, San Jose, CA, USA), and data were

analyzed using WinMDI software (Scripps, La Jolla,

CA, USA). Forward and side scatter parameters were

used to gate live cells. Cell viability was examined by

the propidium iodide (PI) nuclear staining method. Cells

were stained with 1 μg /ml of PI and analyzed with the

FACSCalibur flow cytometer. Cells stained with PI

were considered as dead cells (13).

Endocytosis assay

To analysis the endocytosis of DCs, 4 × 105 DCs were

incubated at 37°C for 1 h with 0.7 mg /ml FITC-dextran

(42,000 Da; Sigma-Aldrich, St. Louis, MO, USA). After

incubation, cells were washed twice with cold washing

buffer (PBS containing 0.5% BSA) and stained using

PE-conjugated anti-CD11c antibody. Double stained

DCs were analyzed by flow cytometry. In addition,

parallel experiments were performed at 4°C to determine

the nonspecific binding of FITC-dextran to DCs (14, 15).

Measurement of secreted IFN-γ and IL-2

Levels of IFN-γ and IL-2 in culture supernatants were

measured using commercial immunoassay kits (R&D

Systems, Minneapolis, MN, USA).

Reverse transcription–polymerase chain reaction (RT-

PCR)

Total RNA was isolated using TRIZOLTM Reagent

(Molecular Research Center, Cincinnati, OH, USA). For

RT-PCR, single-strand cDNA was synthesized from

2 μg total RNA. The primer sequences used were as

follows: IL-12, sense 5'-AGA GGT GGA CTG GAC

TCC CGA-3', antisense 5'-TTT GGT GCT TCA CAC

TTC AG-3'; TNF-α, sense, 5'-AGG TTC TGT CCC TTT

CAC TCA CTG-3', antisense, 5'-AGAGAA CCT GGG

AGT AGA CAA GGT A-3'; IL-1β, sense, 5'-ATG GCA

ATG TTC CTG AAC TCA ACT-3', antisense, 5'-CAG

GAC AGG TAT AGA TTC TTT CCT TT-3'; IFN-α,

sense, 5'-TCT GAT GCA GCA GGT GGG-3', antisense,

5'-AGG GCT CTC CAG AYT TCT GCT CTG-3'; IFN-

β, sense, 5'-CCA CAG CCC TCT CCA TCA ACT ATA

AGC-3', antisense, 5'-AGC TCT TCA ACT GGA GAG

CAG TTG AGG-3'; β-actin, sense 5'-TGG AAT CCT

GTG GCA TCC ATG AAAC-3', and antisense 5'-TAA

AAC GCA GCT CAG TAA CAG TCCG-3'. PCR pro-

ducts were fractionated on 1% agarose gels and stained

with 5 μg /ml ethidium bromide.

Western blots

Cell lysates were prepared as previously described

(16). Detergent-insoluble materials were removed, and

equal amounts of protein were fractionated by 10%

SDS-PAGE and transferred to pure nitrocellulose.

Membranes were blocked with 5% BSA in Tween 20

plus TBS (TTBS) for 1 h and then incubated with an

appropriate dilution of primary antibody in 5% BSA (in

TTBS) for 2 h. Blots were incubated with biotinylated

antibody for 1 h and further incubated with streptoavidin

conjugated to HRP for 1 h. Signals were detected by
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enhanced chemiluminescence (Amersham Pharmacia

Biotech, Piscataway, NJ, USA).

Mixed leukocyte reaction (MLR)

Responder T cells were purified from the spleen of

BALB /c mice by negative depletion using biotinylated

antibodies for B220, GR-1, and CD11c (BD Pharmingen,

San Diego, CA, USA) and Dynabeads M-280 strepto-

avidin (Invitrogen, Dynal, Inc., Oslo, Norway), as pre-

viously described (17). Purity was typically more than

90%. DCs were generated from the BM cells of

C57BL /6 mice and were treated with 40 μg /ml

mitomycin C (MMC) for 1 h. MMC-treated DCs were

added in graded doses to 1 × 105 T cells in U-bottom 96-

well plates. Allogenic T cells were pulsed with 3H-

thymidine (113 Ci /nmol; NEN, Boston, MA, USA) at a

concentration of 1 μCi /well for the last 18 h and

harvested on day 5 using an automated cell harvester

(Innotech, Dottikon, Switzerland). The amount of 3H-

thymidine incorporated into cells was measured using a

Wallac Microbeta scintillation counter (Wallac, Turku,

Finland) (12).

Statistics

Data represent the mean ± S.D. of more than three

samples and all experiments were performed more than

three times. S.D. were calculated by the Student’s t-test

and P values were calculated by ANOVA software

(GraphPad Software, La Jolla, CA, USA).

Results

Immature DCs were generated from BM precursors

by using 2 ng /ml of GM-CSF. On day 8 of culture,

non-adherent and loosely adherent cells, that is, imma-

ture DCs were harvested from cultures. An analysis of

cell surface makers showed that more than 85% of cells

were CD11c+, but not CD3+ or B220+ (data not shown).

Immature DCs were treated with LPS for 24 h to induce

maturation. First, we verified that MSA at concentra-

tions used in this study had no or minimal effect on the

viability of DCs (Fig. 1). MSA at concentrations from 1

to 1000 ng /ml showed no toxicity on immature and

LPS-treated mature DCs, which was proved by the PI

staining method. In the following experiments, we

focused on the effect of MSA at non-toxic concentra-

tions on the process of LPS-induced DC maturation.

MSA inhibits the phenotypic maturation of DCs

To investigate whether MSA could affect DC matura-

tion, we treated DCs with LPS and MSA for 24 h. Al-

though the mean fluorescence intensity (MFI) of cell

surface molecules was quiet low in immature DCs,

LPS treatment was accompanied by a marked up-

regulation of CD80 (Fig. 2A), CD86 (Fig. 2B), MHC-I

(Fig. 2C), MHC-II (Fig. 2D), and CD40 (Fig. 2E), which

are known as surface markers of mature DCs. MSA

dose-dependently decreased their expressions (Fig. 2).

This compound had only a slight effect on the expression

of CD80 (Fig. 3A), CD86 (Fig. 3B), MHC-I (Fig. 3C),

and MHC-II (Fig. 3D) of LPS-untreated immature DCs.

To investigate whether MSA selectively inhibited DC

maturation induced by LPS, we examined the effect of

MSA on DC maturation induced by Poly (I:C), a TLR3

agonist, and zymosan, a TLR2 agonist. As shown in

Fig. 4, MSA dose-dependently inhibited up-regulation

of CD86 in DCs treated with poly (I:C) (Fig. 4A) or

zymosan (Fig. 4B). These results demonstrated that

MSA decreased the phenotypic maturation of DCs

induced by LPS, poly (I:C), and zymosan.

MSA reduces the cytokine gene expression by DCs

triggered by LPS stimulation

DC produces many cytokines during maturation. To

evaluate the effect of MSA on cytokine production by

LPS-stimulated DC, we exposed immature DCs to LPS

in the presence or absence of MSA for 4 h and measured

the cytokine gene expression by RT-PCR. As shown in

Fig. 5: A and B, mRNA expressions of IL-12, TNF-α,

IL-1β, IFN-α, and IFN-β markedly increased upon

exposure of DCs to LPS; and they were decreased by the

treatment of MSA. These results indicated that exposure

to MSA impaired the ability of DC to induce gene

expression of IL-12 and pro-inflammatory cytokines.

The results suggested that MSA suppressed the func-

tional maturation of LPS-stimulated DC.

Fig. 1. Cytotoxicity of MSA. Immature DCs (iDCs) were generated

from mouse BM cells by treating them with 2 ng /ml of GM-CSF for

8 days. iDCs were treated with MSA alone (− LPS) or MSA plus LPS

(+ LPS) for 24 h. Non-adherent and loosely adherent cells were

harvested and stained with 1 μg /ml of propidium iodide (PI). Cell

viability (%) was examined with a flow cytometer and PI-stained

cells were considered to be dead cells. Results are presented as

mean ± S.D.
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MSA affects the endocytotic activity of DCs

Immature DCs show a potent ability to uptake

external molecules, essentially via two main mecha-

nisms: a receptor-mediated endocytosis and a fluid-

phase endocytosis (macropinocytosis). However, mature

DCs showed lowered endocytosis. To examine the effect

of MSA on endocytosis of DCs, fluorescent marker

dextran-FITC, which was mainly taken up via the

mannose receptor, was used. After incubation of BM-

derived DCs with MSA in the presence of LPS, dextran-

FITC was added to the culture medium. We found that

MSA-treated DC exhibited a higher degree of endo-

cytotic capacity for dextran-FITC (Fig. 6A). These

results showed that MSA inhibited functional maturation

of DCs. Parallel experiments were performed at 4°C to

examine nonspecific binding /uptake of dextran-FITC to

BM-derived DCs (Fig. 6B).

MSA-treated DCs show decreased allogenic T cell

proliferation

Alloactivation of T cells was another parameter of

DC maturation. Compared with immature DCs, mature

Fig. 2. Inhibition of LPS-induced phenotypic maturation of DCs by MSA. Immature DCs (iDCs) were generated from mouse

BM cells by treating them with 2 ng /ml of GM-CSF for 8 days (designated as UN) and further treated with 1 μg /ml of LPS

and /or MSA for 24 h. Non-adherent and loosely adherent cells were harvested and stained with two Abs, i.e., PE-conjugated

CD11c Ab plus FITC-conjugated Abs to CD80 (A), CD86 (B), MHC-I (C), MHC-II (D), and CD40 (E). CD11c-PE was used to

gate DCs. Histograms and mean fluorescence intensities (MFI) are shown. Results are representative of more than three separate

experiments.
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DCs could strongly activate T cells to proliferate and to

produce cytokines. To examine the effect of MSA on

functional maturation of DCs, we induced a mixed

lymphocyte response by using DCs matured with LPS in

the presence or absence of MSA. As shown in Fig. 7A, T

cells incubated with immature DCs showed no prolifera-

tion. However, T cells incubated with LPS-treated

mature DCs showed enhanced proliferation, and it was

inhibited by treating DCs with MSA. Immature DCs

could not activate T cells to produce IFN-γ (Fig. 7B) and

IL-2 (Fig. 7C), which was not changed by MSA treat-

ment. However, LPS-treated mature DCs could strongly

activate T cells to produce these cytokines, and MSA-

treated DCs showed low capacity for T cells to produce

IFN-γ (Fig. 7B) and IL-2 (Fig. 7C). Overall, these results

suggested that MSA efficiently inhibited the functional

and phenotypic maturation of DCs.

MSA inhibits the TLR4-downstream signaling pathways

in DCs

LPS could induce DC maturation through TLR4 and

its downstream signaling pathways such as MAPK and

NF-κB signalings. To investigate the effect of MSA on

DC maturation at the molecular level, we performed

Western blotting to detect the level of phosphorylation

of MAPKs and the NF-κB complex. As shown in

Fig. 8A, basal levels of phosphorylated p38, ERK, and

JNK MAPKs in immature DCs were very low. However,

upon exposure to LPS, we observed a profound increase

in phosphorylation of MAPKs over the basal levels in

mature DCs. MSA dose-dependently decreased the LPS-

induced up-regulation of p-p38, p-ERK, and p-JNK.

When we examined the nuclear amount of NF-κB p50

and p65 subunit, their basal levels in immature DCs

were quite low (Fig. 8B). Upon exposure of DCs to LPS,

Fig. 3. Effect of MSA on immature DCs. Immature DCs (iDCs) were generated from mouse BM cells by treating them with

2 ng /ml of GM-CSF for 8 days (designated as UN) and further treated MSA alone for 24 h. Non-adherent and loosely adherent

cells were harvested and stained with two Abs, i.e., PE-conjugated CD11c Ab plus FITC-conjugated Abs to CD80 (A), CD86 (B),

MHC-I (C), and MHC-II (D). CD11c-PE was used to gate DCs. Histograms and mean fluorescence intensities (MFI) are shown.

Results are representative of more than three separate experiments.
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we observed the increase of the nuclear amount of the

NF-κB p50 and p65 subunit, which was blocked by

MSA treatment. The nuclear translocation of NF-κB

complex is preceded by the degradation of cytoplasmic

IκBα and IκBβ. To determine whether the prevention of

LPS-induced NF-κB nuclear translocation by MSA was

due to the inhibition of IκB degradation, we examined

cytosolic levels of IκBα and IκBβ. As shown in Fig. 8C,

upon exposure of DCs to LPS, cytosolic IκBα and IκBβ

were degraded within 15 – 30 min, and thereafter, their

levels increased. However, MSA markedly blocked the

degradation of IκBα and IκBβ. These results suggested

that MSA could inhibit LPS-induced DC maturation via

blocking the activation of MAPKs and NF-κB signalings.

Discussion

Recent progress in DC biology has suggested that

DCs play critical roles in various diseases. In the murine

system, host residual DCs were shown to be essential

in the pathophysiology of graft versus host disease

(GVHD) after allogeneic BM transplantation (18).

Suppression of DC function may efficiently control the

specific immune response since DC has the unique

property to activate naïve T cells and are required for

the induction of a primary response. It has been shown

Fig. 4. Inhibition of poly (I:C)- or zymosan-induced phenotypic

maturation of DCs by MSA. Immature DCs (iDCs) were generated

from mouse BM cells by treating them with 2 ng /ml of GM-CSF for

8 days (designated as UN) and further treated with one of two

different activators: 50 μg /ml of poly (I:C) (A) or 5 μg /ml of

zymosan (B). MSA (1 – 1000 ng /ml) was added. After 24 h, non-

adherent and loosely adherent cells were harvested and stained with

PE-conjugated CD11c Ab plus FITC-conjugated CD86 Ab. CD11c-

PE was used to gate DCs. Histograms and mean fluorescence

intensities (MFI) are shown. Results are representative of more than

three separate experiments.

Fig. 5. Inhibition of cytokine gene expression of DCs by MSA.

iDCs were generated from mouse BM cells by treating them with

2 ng /ml of GM-CSF for 8 days (designated as UN) and further

treated with 1 μg /ml LPS in the presence or absence of MSA for 4 h.

The mRNA of IL-12p70, TNF-α, IL-1β, IFN-α, and IFN-β were

detected using RT-PCR. Results are representative of more than three

separate experiments (A). Band areas were analyzed using an image

analysis system (ImageJ; National Institute of Health, Bethesda, MD,

USA) and data were presented as ratios versus β-actin. Significance

was determined using the ANOVA test vs. UN (**P<0.01,

***P<0.001).
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to have anti-inflammatory and immunosuppressive

activities by its inhibitory effect on T cells. DCs play a

major role in the initiation of T cell–mediated immunity

by its unique capability of stimulating naïve T cells. In a

recent study, the investigators showed that selective

recruitment of CD11c+ DCs from peripheral blood to

salivary glands and the subsequent induction of Th1

polarization might be crucial steps in the genesis of

primary Sjögren’s syndrome (19). Furthermore, another

study implicated the pivotal roles of IFN-α–producing

plasmacytoid cells (CD11c− DCs) in lupus erythematosus

(20, 21). Some immunosuppressive agents such cyclo-

sporine A (CsA), glucocorticoids as well as 1,25-

dihydroxyvitamin D3, are able to impair the differentia-

tion, maturation, and /or function of DCs, perhaps via

distinct pathways (22, 23). Several studies have demon-

strated recently that CsA affected the biological pro-

perties of DCs. For example, murine Langerhans cells

and BM-derived DCs showed down-regulation of CD40

and B7 in the presence of CsA (24, 25).

We found in this study that MSA inhibited the pheno-

typic and functional maturation of DCs. MSA-treated

DC showed an important modification in membrane

phenotype. During DC differentiation from precursors,

two major stages can be identified: 1) an immature stage

characterized by a high efficiency in taking up and

processing antigens; and 2) a mature stage characterized

by the loss of antigen uptake capacity and migration to

regional lymph nodes where DC exert their function

Fig. 6. Effect of MSA on endocytosis of DCs. iDCs were generated

from mouse BM cells by treating them with 2 ng /ml of GM-CSF for

8 days (designated as UN) and further treated with 1 μg /ml LPS in

the presence or absence of MSA for 24 h. Non-adherent and loosely

adherent cells were harvested and treated with 0.7 mg /ml of dextran-

FITC for 1 h at 37°C (A). After washing, DCs were stained with

PE-conjugated anti-CD11c Ab and double-stained DCs were

analyzed by flow cytometry. Parallel experiments were performed

at 4°C to examine nonspecific binding of dextran-FITC (B). Results

are representative of more than three separate experiments.

Fig. 7. Inhibition of the allo-stimulation activity of DCs by MSA.

iDCs were generated from mouse BM cells by treating them with

2 ng /ml of GM-CSF for 8 days (designated as UN) and further

activated with 1 μg /ml of LPS and /or MSA for 24 h. Non-adherent

and loosely adherent cells were harvested and treated with 40 μg /ml

mitomycin C (MMC) for 1 h. MMC-treated DCs were added in

graded doses to 1 × 105 T cells purified from BALB /c mice. After

5 days of culture, cells were labeled with 3H-thymidine and harvested

using an automated cell harvester (A). Culture medium was collected

24 h after mixing DCs, and T cells and IFN-γ (B) and IL-2 (C) levels

were measured by using ELISA kits (R&D Systems, Minneapolis,

MN, USA). Significance was determined by the ANOVA test versus

UN (**P<0.01, ***P<0.001).
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of potent APC (1, 3, 26 – 28). Results shown here

demonstrated that MSA inhibited the augmented surface

expression of CD40, CD80, CD86, MHC-I, and MHC-II

induced by LPS in DCs, whereas endocytotic capacity of

MSA-treated DC was profoundly increased. Fewer

CD40 molecules on the DCs could result in diminished

presentation of antigen and reduced production of

cytokine and, as a consequence, lacked CD80 and CD86

up-regulation (29). Furthermore, MSA inhibited cyto-

kine production by LPS-stimulated DC, which might

have profound consequences for T cell activation. IL-12

affected T helper 1 (Th1) cell function by inducing

secretion of IFN-γ by T cells and NK cells (30). Inflam-

matory cytokines produced by DCs induce the changes

required for DC maturation and migration from the

periphery to the lymph nodes. The presence of inflam-

matory cytokines also leads to up-regulation of adhesion

molecules by the endothelium, and these molecules

contribute to the recruitment of monocytes and other

cell types to inflamed tissue (31). This indicates that

MSA down-regulates inflammation and impairs Th1

responses. MSA could further impair DC functions by

inhibiting DC maturation. One major criterion for DC

maturation in vitro is the high MLR stimulation (32). We

found that MSA down-regulated expression of DC

surface costimulatory molecules and, therefore, inhibited

DC maturation and consequent MLR activity in MSA-

treated mDC. In addition, it has been suggested that

stimulation of MLR by mDC also requires CD40 and

CD40L interaction (33); therefore, down-regulation of

CD40 on MSA-treated DC could also play an important

role in the impairment of DC functional maturation.

These results suggested that MSA could inhibit pheno-

typic and functional maturation of DCs induced by LPS.

We also showed that MSA could inhibit poly (I:C)- and

zymosan-induced maturation of DCs. These data might

show that MSA inhibited DC maturation by blocking

common intracellular signaling pathways from TLR2

for zymosan, TLR4 for LPS, and TLR3 for poly (I:C).

How did MSA inhibit DC maturation? In order to

provide possible clues, we examined TLR4-related

downstream signalings. Signaling pathways that seem to

play a major role in DC maturation are the NF-κB and

MAPKs pathway (6, 7, 34). Upon TLR4 activation,

Toll /IL-1 receptor (TIR) domain efficiently recruits

several TIR-containing intracellular adaptor proteins

including myeloid differentiation primary-response gene

88 (MyD88) (35). The MyD88-dependent signaling

pathway activates MAPKs, NF-κB, and activator pro-

tein-1 (AP-1). The up-regulation of c-Rel, RelB, p50,

and p65 expression reflects a specific response of

immature dendritic cells toward maturation-inducing

cytokines. In addition to the Rel /NF-κB factors, the

activity of factors seems also to be involved in the

differentiation of dendritic cells. Thus, the expression

patterns of NF-κB are additional markers for determin-

ing the maturation state of dendritic cells. Stimulating

DCs with TLR ligands may result in activation of one or

more MAPK signaling pathways leading to distinct DC

responses. In contrast, inhibition of the MAPKs had

the most significant effect on cytokine secretion for all

TLR ligand–matured DCs with significant suppression

for all cytokines observed. Therefore, MAPKs pathways

mediate DC maturation and regulate the subsequent

initiation and termination of immune responses. MSA

has been shown to inhibit the NF-κB and MAPKs

pathway in DCs. The inhibitory action of immuno-

suppressive drugs on DC function has been associated

Fig. 8. Inhibition of MAPK and NF-κB activation by MSA. iDCs

were generated from mouse BM cells by treating them with 2 ng /ml

of GM-CSF for 8 days (designated as UN) and were then further

activated with LPS (1 μg /ml) and /or MSA for 15 min. Phosphory-

lated-ERK, -JNK, and -p38 were detected by immunoblotting using

specific antibodies (A). iDCs were incubated with LPS and /or MSA

for 15 min. Nuclear extracts were blotted with anti-p50 and anti-p-65

antibody (B). iDCs were incubated with LPS and /or MSA for 15 –

120 min, and total cell extracts were blotted with anti-IκBα and anti-

IκBβ antibodies (C). Results are representative of more than three

separate experiments.
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with the Janus kinase 2 /signal transducer and transcrip-

tional activator 4 (Jak2 /Stat4) signaling pathway,

NF-κB, and MAPKs signaling (36, 37), suggesting

that MSA’s ability to inhibit the NF-κB and MAPKs

signaling pathway could contribute to its inhibition of

DC maturation.

Although the details of molecular mechanisms of

MSA action in DC maturation has not been clarified yet,

the data presented here suggest that MSA can inhibit

phenotypic and functional maturation of DCs at cellular

levels. The ability of MSA to inhibit DC functions

may present an important cellular mechanism in its

regulation of innate and adaptive immunity in inflam-

matory situations and in a tumor environment.
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