
INTRODUCTION

Eosinophil plays a pivotal role in the inflammatory reactions of
allergic diseases, including asthma, allergic rhinitis and atopic der-
matitis [1]. The eosinophils are recruited to the site of inflamma-
tion by locally released chemotactic factors. The CC chemokine
eotaxin, synthesized by the airway epithelium, alveolar mar-
cophages, bronchial smooth muscle and eosinophils [2,3], is a
potent and specific stimulator of eosinophil chemotaxis [4].
Eotaxin binds exclusively to CC chemokine receptor-3 (CCR3)
on eosinophils to mediate the biological effects. CCR3 is
expressed in high numbers of 4 ¥ 104–4 ¥ 105 receptors per
eosinophil [2]. Elevated plasma eotaxin has been found in
patients with acute asthma [5], and eosinophil-derived eotaxin is
believed to be responsible for the local accumulation of
eosinophils at the site of inflammation [3].

The proinflammatory cytokine tumour necrosis factor (TNF)
is released in the early stage of allergic inflammation [6]. Endoge-
nously released TNF has been shown to contribute to allergen-
induced airway eosinophilia and hyperresponsiveness partly
through the initiation of eosinophil degranulation [7,8]. Previous
reports have shown that TNF could induce eotaxin synthesis in
human lung epithelial cells [9], endothelial cells [10], monocytic
cells [11] and dermal fibroblasts [12]. A more recent report 
indicated that interleukin (IL)-5 down-regulates TNF-induced
eotaxin mRNA and protein expression in eosinophils [13]. These
evidences suggested that eotaxin may induce eosinophil accumu-
lation through paracrine and/or autocrine mechanisms. However,
little is known about the intracellular mechanisms regulating
eosinophil-derived eotaxin release in inflammatory processes.

The human eotaxin gene is located on chromosome 17 and
comprises three exons and two introns. The 5¢-flanking region of
the gene contains regulatory elements including binding sites for
activator protein-1 (AP-1), nuclear factor-kappaB (NF-kB) [14].
In quiescent cells, NF-kB is sequestered in the cytoplasmic com-
partment, bound to a group of inhibitory proteins, IkB-a, IkB-b
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SUMMARY

The CC chemokine eotaxin is a potent eosinophil-specific chemoattractant that is crucial for allergic
inflammation. Allergen-induced tumour necrosis factor (TNF) has been shown to induce eotaxin syn-
thesis in eosinophils. Nuclear factor-kappaB (NF-kB) and mitogen-activated protein kinases (MAPK)
have been found to play an essential role for the eotaxin-mediated eosinophilia. We investigated the
modulation of NF-kB and MAPK activation in TNF-induced eotaxin release of human eosinophils.
Human blood eosinophils were purified from fresh buffy coat using magnetic cell sorting. NF-kB
pathway-related genes were evaluated by cDNA expression array system. Degradation of IkBa and
phosphorylation of MAPK were detected by Western blot. Activation of NF-kB was determined by
electrophoretic mobility shift assay. Eotaxin released into the eosinophil culture medium was measured
by ELISA. TNF was found to up-regulate the gene expression of NF-kB and IkBa in eosinophils. TNF-
induced IkBa degradation was inhibited by the proteasome inhibitor N-cbz-Leu-Leu-leucinal (MG-
132) and a non-steroidal anti-inflammatory drug sodium salicylate (NaSal). Using EMSA, both MG-132
and NaSal were found to suppress the TNF-induced NF-kB activation in eosinophils. Furthermore, TNF
was shown to induce phosphorylation of p38 MAPK time-dependently but not extracellular signal-
regulated kinases (ERK). Inhibition of NF-kB activation and p38 MAPK activity decreased the TNF-
induced release of eotaxin from eosinophils. These results indicate that NF-kB and p38 MAPK play an
important role in TNF-activated signalling pathway regulating eotaxin release by eosinophils. They have
also provided a biochemical basis for the potential of using specific inhibitors of NF-kB and p38 MAPK
for treating allergic inflammation.
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or IkB-e [15]. Upon exposure to inflammatory stimuli, such as
bacterial endotoxin and TNF, the inhibitory units including IkB-
a are phosphorylated and degraded. This allows the translocation
of NF-kB to the nucleus, where it acts as a regulatory element by
DNA binding for gene transcription [16]. Recent studies have
suggested that activation of NF-kB may be crucial for increased
expression of many inflammatory genes of chronic airway inflam-
mation in asthma [17] and regulation of eosinophil apoptosis [18].
A non-steroidal anti-inflammatory drug (NSAID), sodium salicy-
late (NaSal), was shown to inhibit TNF-induced IkB-a degrada-
tion through the activation of p38 mitogen-activated protein
kinase (MAPK) in COS-1 cells [19].

MAPK are serine and threonine kinases that can be activated
by phosphorylation in kinase cascades. Three distinct MAPKs
have been identified in mammalian cells. The p42/p44 extracellu-
lar signal-regulated kinase (ERK) are activated by growth factors
such as IL-5 [20]; p38 MAPK is activated by osmotic stress, UV
irradiation and proinflammatory cytokines including TNF [21];
and c-Jun NH2-terminal protein kinase (JNK)/stress-activated
protein kinase (SAPK) is potently activated by irradiation and
other environmental stresses such as hyperosmolarity [22]. We
have reported previously that dexamethasone-induced apoptosis
and activation of JNK and p38 MAPK activity in eosinophils 
are regulated by caspases [23]. The p38 MAPK has been shown
to regulate TNF-induced chemokine ‘regulated upon activation
normal T-cell expressed and secreted’ (RANTES) by human
bronchical epithelial cells [24].

In the present study, we investigated the effect of TNF on IkB-
a pathway-related gene expression, and the modulation of NF-
kB and MAPK activity on the regulation of the release of eotaxin
and CCR3 expression by eosinophils. Elucidation of the crucial
signal transduction mechanisms that control eosinophil-derived
eotaxin synthesis and eosinophil recruitment to inflammatory site
is fundamental to our understanding of allergic inflammatory
disease and will provide better rationale for the design of drug
therapy for chemokine-mediated allergic inflammation.

MATERIALS AND METHODS

Isolation of human blood eosinophils from buffy coat 
and eosinophil culture
Fresh human buffy coat obtained from the Hong Kong Red Cross
Blood Transfusion Service was diluted 1 : 2 with phosphate-
buffered saline (PBS) and centrifuged using an isotonic Percoll
solution (Amersham and Pharmacia Biotech, Uppsala, Sweden,
density 1·082 g/ml) at 4°C for 30 min at 1000 g. The eosinophil-rich
granulocyte fraction was collected and washed twice with PBS
containing 2% fetal calf serum. The cells were then incubated
with anti-CD16 magnetic beads (Miltenyi Biotec, Bergisch 
Gladbach, Germany) at 4°C for 45 min and CD16-positive 
neutrophils were depleted by passing through an LS+ column
(Miltenyi Biotec) within a magnetic field. With this preparation,
the drop-through fraction contained eosinophils with a purity of
at least 98%, as assessed by Hemacolor rapid blood smear stain 
(E. Merck Diagnostica, Darmstadt, Germany). The isolated
eosinophils were cultured in RPMI 1640 medium (GIBCO

Laboratories, NY, USA) supplemented with 10% defined fetal
bovine serum (GIBCO) and 20 mM Hepes (GIBCO).

NF-kB proteasome inhibitor N-cbz-Leu-Leu-leucinal MG-
132 (Calbiochem) [25] was dissolved in dimethyl sulphoxide
(DMSO) and added to eosinophil culture at a concentration of 

20 mM for 1 h. In all studies, the concentration of DMSO was 0·2%
(v/v).

Endotoxin-free solutions
Cell culture medium was purchased from GIBCO, free of
detectable lipopolysaccharide (LPS) (<0·1 EU/ml). All other 
solutions were prepared using pyrogen-free water and sterile
polypropylene plastic ware. No solutions contained detectable
LPS, as determined by the Limulus amebocyte lysate assay (sen-
sitivity limit 12 pg/ml; Associates of Cape Cod, MA, USA).

cDNA expression array analysis
Total RNA was isolated from eosinophils (3 ¥ 106) treated with
or without TNF (20 ng/ml) for overnight using Tri reagent 
(Molecular Research Center Inc, OH, USA). cDNA expression
array analysis was performed using human NF-kB Pathway-1
GEArrayTM Kit (SupperArray Inc., Bethesda, MD, USA) accord-
ing to the manufacturer’s instruction. Briefly, total RNA was
reverse transcribed with reverse transcriptase and GEAprimer
mix in the presence of biotin-16-dUTP. The biotinylated cDNA
probes were denatured and added to the hybridyzation solution.
Two indentical GEArrayTM membranes dotted with duplicate
cDNAs of 23 human NF-kB pathway-related genes were pre-
hybridized at 68°C for 2 h and then hybridized overnight with the
cDNA probes. Membranes were washed, blocked and incubated 
with alkaline phosphatase-conjugated streptavidin. The labelled
biotin on the membrane was detected by chemiluminescent
method and the luminescence intensities of hybridized cDNA
probes were analysed using Bio-rad Quantity OneTM software
(Bio-Rad Laboratories, CA, USA). The ratio of gene expression
levels between control and TNF-treated human eosinophils 
was calculated by the fold difference in intensity using b-actin 
as internal control.

Western blot analysis
Eosinophils (1 ¥ 106) with different treatment were lysed with
Laemmli sample buffer (Bio-Rad, CA, USA). Whole-cell lysates
were heated at 95°C for 5 min followed by centrifuge at 10 000 g
for 10 min to remove cell debris. Equal amounts of proteins were
subjected to sodium dodecyl sulphate-12·5% polyacrylamide gel
electrophoresis and then proteins were transferred to PVDF
membrane (Amersham and Pharmacia Biotech). Membranes
were blocked with 5% non-fat milk in Tris-buffered saline Tween
20 (TBST: 10 mM Tris-HCl [pH 7·4], 150 mM NaCl, 0·05% 
Tween 20). The anti-IkB-a, antiphospho-p42/44 MAPK,
antiphospho-p38 MAPK and antiphosphorylated ATF-2 antibody
(New England Biolabs, MA, USA) were used at dilutions of 
1 : 500, 1 : 1,000, 1 : 1000 and 1 : 1500 in TBST, respectively. 
Antibody–antigen complexes were detected using ECL chemilu-
minescent detection system according to the manufacture’s
instruction (Amersham and Pharmacia Biotech).

Electrophoretic mobility shift assay (EMSA)
Eosinophils were cultured in the presence or absence of MG-132
or NaSal for 1 h before stimulation with TNF-a for 12 h. After
cells were harvested, nuclear protein was extracted with cell lysis
buffer [50 mM KCl, 0·5% NP-40, 25 mM HEPES, pH 7·8, 100 mM

DTT, proteinase inhibitor (1 mM PMSF, 10 mg/ml leupeptin, 
20 mg/ml aprotinin)] and then nuclear protein extraction buffer
[500 mM KCl, 10% glycerol, 100 mM DTT, proteinase inhibitor
(same as lysis buffer)] according to a previous method [26]. The
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binding reactions were performed with a biotin end-labelled NF-
kB oligonucleotide (5¢-AGT TGA GGG GAC TTT CCC AGG 
C-3¢) (Research Genetics, AL, USA) using LightShiftTM chemilu-
minescent EMSA kit (Pierce Chemical Co., IL, USA). Biotin-
labelled NF-kB oligonucleotide was incubated with the nuclear
extract of eosinophils for 20 min at room temperature. These
DNA–protein complexes were resolved on a 6% polyacrylamide
gel electrophoresis and transferred to a Hybound-N+ membrane
(Amersham and Pharmacia Biotech). The biotin end-labelled
DNA was detected using a streptavidin–horseradish peroxidase
conjugate and a chemiluminescent substrate according to the
manufacture’s instructions.

Enzyme-linked immunosorbent assay (ELISA) for eotaxin
Concentration of eotaxin in the culture medium of eosinophils
was detected using human eotaxin ELISA kit (R&D systems Inc.,
MN, USA) according to the manufacturer’s instruction. The
detection limit of eotaxin is 5 pg/ml.

Statistical analysis
The differences of means between groups were assessed by the
non-parametric Mann–Whitney rank sum test. A probability (P)
< 0·05 was considered significantly different. A non-parametric
Kruskal–Wallis test was used to assess the differences between
several groups. All analyses were performed using the Statistical
Package for the Social Sciences (SPSS) statistical software for
Windows, version 10·0.0.

RESULTS

Effect of TNF on the expression profile of NF-kB 
pathway-related genes in human eosinophils
Figure 1 shows the effect of TNF on gene expression profiles
related to the NF-kB pathway in eosinophils. As shown in Table
1a, treatment of TNF increased the expression of mRNA levels
of NF-kB (p105) and its inhibitory protein IkB-a about three- 
to twofold compared with control eosinophils. A group of genes

encoding proinflammatory cytokines such as TNF, granulocyte
and macrophage colony-stimulating factor (GM-CSF), granulo-
cytes colony stimulating factor (G-CSF), monocyte chemotactic
protein-1 (MCP-1), interleukin (IL)-8 and IL-6 were up-regulated
by TNF in eosinophils (Table 1a). Table 1b shows genes related
to NF-kB pathway with similar expression level in eosinophils
before or after treatment of TNF, and Table 1c shows unde-
tectable genes in control and TNF-treated eosinophils.

Effect of MG-132 and NaSal on TNF-induced IkB-a
degradation in eosinophils
Incubation of eosinophils with TNF (20 ng/ml) for 5 min was asso-
ciated with a rapid loss of IkB-a from the cytoplasm. Preincu-
bating eosinophils for 1 h with the NF-kB proteasome inhibitor
MG-132 (20 mM) partially, and NaSal (20 mM) completely, inhib-
ited TNF-induced IkB-a degradation (Fig. 2). MG-132 or NaSal
only did not have any effect on IkB-a protein level (data not
shown).

Effect of MG-132 and NaSal on NF-kB activation
The nuclear proteins of eosinophils after different treatments
were analysed using the EMSA to determine DNA binding activ-
ity of NF-kB. As shown in Fig. 3, the untreated eosinophils (lane
1) exhibited a low NF-kB activity because of the low intensity of
band shift. After treatment with TNF (20 ng/ml), a higher NF-kB
activation was observed by higher intensity of DNA band shift
(lane 2). MG-132 (lane 3) and NaSal (lane 4) were found to sup-
press the TNF-induced NF-kB activation. The addition of excess
unlabelled NF-kB DNA probe in lane 6 did not show any band
shift, therefore confirming the specificity of the NK-kB band shift.

Effect of TNF and SB 203580 on the activation of p38 MAPK
in human eosinophils
As shown in Fig. 4a, TNF (20 ng/ml) could induce a rapid 
phosphorylation of p38 MAPK in human eosinophils in a time-
dependent manner. This result is in accord with a previous study
[27]. The effect became significant after 2 min of stimulation.
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Fig. 1. Expression profile of NF-kB pathway-related genes in human eosinophils detected by cDNA expression array system. RNA was
extracted from human blood eosinophils after overnight incubation with or without TNF (20 ng/ml). Total RNA was reverse-transcribed
and labelled with biotin, and gene expressions were detected using the Nonrad-GEArrayTM kit. Negative control genes: pUC18 DNA (1G,
2G); positive control genes: a-actin (3G, 4G) and glyceraldehyde-3-phosphate dehydrogenase (5G, 6G, 7G, 8E, 8F, 8G).
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However, no phosphorylation of ERK was detected in the same
eosinophil cell lysate (Fig. 4b). Pretreatment with specific p38
MAPK inhibitor SB 203580 (1, 5, 10, 20 mM) for 1 h shows a 
dose-dependent inhibition of TNF-induced p38 MAPK activity
assessed by the phosphorylation of substrate ATF-2 in eosinophils
(Fig. 4c).

Effect of MG-132, NaSal and SB 203580 on TNF-induced
eotaxin release from human eosinophils
As shown in Fig. 5, eosinophils (1 ¥ 106) cultured in vitro could
release eotaxin spontaneously. Addition of TNF (20 ng) signifi-
cantly augmented the eotaxin release from eosinophils in a time-
dependent manner from 1 to 12 h compared with non-treated cells
(P < 0·05). For investigating if NF-kB and p38 MAPK were
involved in TNF-induced eotaxin release from eosinophils, pro-
teasome inhibitor MG-132 (20 mM), p38 MAPK inhibitor SB
203580 (20 mM) and NaSal (20 mM) were preincubated with
eosinophils for 1 h before the stimulation with TNF for various
times as indicated in Fig. 5. Both MG-132 and NaSal could inhibit
significantly TNF-induced eotaxin release at 1 h and 2 h incuba-
tion of eosinophils in vitro (P < 0·05). The inhibitory effect of
eotaxin release was not significant at 12 h between MG-132 or
NaSal pretreated group and TNF-treated group. However, p38
MAPK inhibitor SB 203580 was shown to inhibit significantly 
the eotaxin release at all indicated time points (1 h, 2 h and 12 h,
P < 0·05) and the inhibitory effect is greater than MG-132 and
NaSal. Using the non-parametric Kruskal–Wallis test, a non-
parametric method equivalent to one-way ANOVA, we found that
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Table 1. Differential expression of genes related to the human NF-kB pathway in control or TNF-
treated eosinophils

Ratio in gene
expression level

Location Genes (TNF/control)

(a) Genes up-regulated by TNF in eosinophils
(6C) (6D) NF-kB (p105) 3·38
(3A) (3B) IkBa 2·33
(7C) (7D) TNF-a 4·1
(2C) (2D) GM-CSF 3·28
(6A) (6B) MCP-1 2·57
(5A) (5B) IL-8 2·1
(4E) (4F) IL-6 1·95
(6E) (6F) mitogen-activated protein kinase kinase kinase 14 (MAP3K14) 1·61
(2A) (2B) G-CSF 0Æ 10·5%*
(5E) (5F) IRF-1 0Æ 7·14%*

(b) Genes similarly expressed in control and TNF-treated eosinophils
(4A) (4B) IkB kinase gamma subunit 0·92
(7A) (7B) P-selectin 1·1
(8A) (8B) Tumour necrosis factor alpha-induced protein 1 1·1
(1C) (1D) c-rel 0·85
(3C) (3D) IkB kinase alpha subunit 0·91
(2E) (2F) Intracellular adhesion molecule 1 1·01

(c) Undetectable genes in control and TNF-treated eosinophils
(1A) (1B) c-myc
(3E) (3F) IkB kinase beta subunit
(4C) (4D) IL-2
(5C) (5D) Inducible nitric oxide synthase
(7E) (7F) TNF-a
(8C) (8D) Vascular cell adhesion molecule 1

The ratio of gene expression level between control and TNF treated eosinophils was assessed by
the fold difference in luminescence intensity using Human NF-kB Pathway-1 Nonrad-GEArrayTM kit
(Super Array). *The gene expression of G-CSF and interferon regulatory factor-1 (IRF-1) were un-
detectable in control eosinophils. The expression levels of G-CSF and IRF-1 in TNF-stimulated
eosinophils are shown as the percentage of intensity comparing with a-actin internal control.

Ik B-a

 Control       TNF       MG-132       NaSal 

                                      TNF           TNF 

Fig. 2. Effect of MG132 and NaSal on TNF-induced-IkB-a degradation 
in human eosinophils. Eosinophils (1 ¥ 106) were preincubated with or
without MG132 (20 mM) or NaSal (20 mM) for 1 h and then stimulated with
TNF 20 ng/ml for 5min. Cells were lysed and the amount of IkB-a was
analysed using Western blot. This result is representative of essentially
identical results of triplicate experiments.
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the asymmetrical significances are 0·082, 0·033 and 0·034 for 1 h,
2 h and 12 h treatment, respectively. These indicate that there
were significant difference for eotaxin release between all treated
groups in the case of 2 and 12 h. However, inhibitor SB 203580,
MG-132 and NaSal alone did not show any significant effect 
on the spontaneous eotaxin release from eosinophils (data not
shown).

DISCUSSION

Eosinophils have been shown to express TNF receptors [1] and
TNF has been found to stimulate IkBa degradation and dissoci-
ation of NF-kB in many other cells [16]. A number of proinflam-
matory cytokines such as IL-1, IL-2, IL-6, IL-8, GM-CSF and
RANTES are regulated at the level of gene transcription by NF-
kB in many inflammatory diseases [15,28]. The essential role of
NF-kB has been implicated in the induction of eosinophilia in
allergic airway inflammation using NF-kB p50 subunit deficient
mice [29]. However, the detailed intracellular mechanism for the
regulation of NF-kB-dependent eosinophilia has not been well
understood. A previous report has shown that translocation of
NF-kB could induce eotaxin expression by binding to promoter
containing NF-kB binding element of eotaxin gene in humans
[30]. It was revealed recently that eotaxin protein is preformed
and stored in specific granules of normal eosinophils and
secrected upon appropriate stimuli such as C5a and ionomycin

[3]. In our study, a panel of genes related to the NF-kB pathway
was investigated using a cDNA expression array system. TNF
could up-regulate the gene expression of NF-kB and its inhibitory
protein IkBa in eosinophils (Fig. 1, Table 1a). The expression of
a group of proinflammatory cytokine genes including TNF, IL-6,
IL-8, GM-CSF, G-CSF and MCP-1 were also increased by treat-
ing eosinophils with TNF. Using Western blot analysis and
EMSA, we further illustrated that TNF could induce IkB-a degra-
dation and NF-kB activation which could be reversed by NF-kB
proteasome inhibitor MG-132. MG-132 was also found to inhibit
TNF-induced eotaxin release from human eosinophils. These
suggest the important role of NF-kB activation in TNF-induced
eotaxin release from eosinophils. Besides, the up-regulation of
NF-kB and its inhibitory protein IkBa at gene level may indicate
that TNF not only triggers but also maintains its effect on NF-kB
mediated signal transduction in eosinophils.

Even though TNF-induced stimulation of I-kB phosphoryla-
tion is a signal for the degradation of I-kB, phosphorylation of 
I-kB is not sufficient to activate NF-kB [31,32]. Moreover, the
mechanisms involved in NF-kB translocation have not been
defined [17]. In the study of the phosphorylation of IkB-a, no sig-
nificant change in the level of phospho-IkB-a was detected upon
treatment with TNF or MG-132 in our study (data not shown).
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Fig. 3. EMSA for NF-kB translocation and DNA binding. Eosinophils (5
¥ 106) were pretreated with or without MG132 (20 mM) or NaSal (20 mM)
for 1 h followed by stimulation with TNF-a (20 ng/ml) for 12 h. Nuclear
protein was isolated, and EMSA was performed with a biotin end-labelled
NF-kB oligonucleotide using LightShiftTM chemiluminescent EMSA kit
(Pierce). Lane 1–4 were as labelled. Lane 5 had only biotinated NF-kB
DNA probe without protein added and lane 6 had biotinated NF-kB DNA
probe, excess unlabelled NF-kB DNA probe and TNF-treated protein
extract. This result is representative of essentially identical results of trip-
licate experiments. 1: no treatment; 2: TNF (20 ng/ml); 3: MG132 (20 mM)
and TNF (20 ng/ml); 4: NaSal (20 mM) and TNF (20 ng/ml); 5: negative
control (biotinylated NF-kB probe only); 6: biotinylated NF-kB DNA
probe, TNF-treated protein extract and excess unlabelled NF-kB DNA
probe.
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(b)

Phosphorylated p38 MAPK 
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Fig. 4. Effect of TNF on the activation of p38 MAPK and ERK.
Eosinophils (1 ¥ 106) were stimulated for various times with TNF 
(20 ng/ml) followed by detection of (a) phosphorylated-p38 MAPK and
(b) phosphorylated-ERK in the cell lysate by Western blot. In (c),
eosinophils (1 ¥ 106) were treated without or with SB 203580 (SB) (1, 5,
10, 20 mM) for 1 h followed by stimulation with TNF (20 ng/ml) for 5 min.
p38 MAPK activity was assessed by the expression of phosphorylated
ATF-2 by Western blot. This result is representative of essentially identi-
cal results of triplicate experiments.
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The non-steroidal anti-inflammatory drug NaSal has been shown
to inhibit NF-kB activation in kidney cells [19], neurones [33],
monocytic cells [34] and neutrophils [35]. In our study, NaSal was
also shown to inhibit TNF-induced IkB-a degradation and NF-
kB band shift in eosinophils. NaSal also significantly inhibited
TNF-induced eotaxin release up to 2 h incubation in vitro; how-
ever, the inhibition by MG-132 and NaSal was not significant on
eosinophils when cultured with TNF for 12 h. It may suggest that
the initial release of eotaxin is MG-132 and NaSal-dependent,
whereas subsequent release may not be NF-kB-dependent. We
adopted the concentrations of MG-132 and NaSal from previous
studies [19,25] for demonstrating the effective NF-kB inhibition
without toxicity to the cells. MG-132 (>20 mM) and NaSal 
(>20 mM) did not significantly increase their inhibitory effect on
IkB-a degradation (data not shown).

The present report shows that TNF could induce phosphory-
lation of p38 MAPK in eosinophils rapidly and time-dependently
(Fig. 4a) but not ERK (Fig. 4b). The specific p38 MAPK inhibitor
SB 203580 (20 mM) could largely inhibit TNF-activated p38
MAPK activity in eosinophils (Fig. 4c). The inhibition of p38
MAPK activity decreased the release of eotaxin in eosinophils as
shown in Fig. 5. This indicated the important role of the activa-
tion of p38 MAPK in the mechanism of TNF-induced eotaxin
release from eosinophils. It supports the recent report showing
that eotaxin induces degranulation and chemotaxis of eosinophils
through the activation of ERK2 and p38 MAPK [36]. Since p38
MAPK is required for NF-kB-dependent gene expression by the
modulation of DNA binding of TATA-binding protein (TBP) to
the TATA box [37], it is reasonable that the inhibition of p38

MAPK can down-regulate NF-kB-dependent eotaxin expression
in eosinophils. Therefore, it may be possible that the inhibition of
p38 MAPK by SB 203580 can block TNF-induced eosinophil-
derived eotaxin by indirect inhibiting NF-kB activity and subse-
quently suppress the eotaxin-induced eosinophil degranulation
and chemotaxis. Besides detecting the eotaxin protein released 
to the culture medium, the mRNA expression of eotaxin in
eosinophils was also investigated using fluorescence quantitative
RT-PCR (PE Applied Biosystems, CA, USA). The inductive
effect of TNF and the inhibitory effect of MG-132, NaSal and SB
203580 at the mRNA level of eotaxin were consistent with the
result of ELISA in Fig. 5 (data not shown).

Although NF-kB activation and chemokine production occur
in a variety of cell types, their regulation may be different between
nonimmune cells and leucocytes. Therefore, cell- and gene-
specific regulations of NF-kB need further exploration. More-
over, whether the activity of NF-kB is useful as a marker for 
the severity of inflammation in certain diseases and assessing 
the efficacy of therapeutic interventions also requires further
investigation.

CCR3 is expressed in high numbers on eosinophils [38].
Blocking of CCR3 has been shown to inhibit eosinophil response
to eotaxin, RANTES, and monocyte chemotactic protein-2, -3
and -4 by more than 95% [39]. To supplement our current finding
about eotaxin release, we used RT-PCR to detect CCR3 mRNA
expression simutaneously with eotaxin release in eosinophils. We
found that the expressions of CCR3 mRNA were similar in
groups treated with TNF, MG-132, NaSal and SB 203580 (data
not shown). In contrast to the regulatory mechanism of eotaxin
release, TNF, MG-132, SB 203580 and NaSal did not show any
effect on CCR3 expression in eosinophils.

In view of the above findings, we conclude that NF-kB and
p38 MAPK are two critical molecules involved in the mechanism
of TNF-induced eotaxin release from eosinophils. Blocking of 
the activation of NF-kB and phosphorylation of p38 MAPK are
closely associated with the decreased autocrine release of eotaxin
from eosinophils without any significant regulatory effect on
CCR3 expression. Specific inhibitors of NF-kB and p38 MAPK
can be beneficial in elucidating the complex regulatory mecha-
nism in inflammatory response, and may be clinically useful in
treating inflammatory diseases.
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1 h followed by stimulation with TNF (20 ng/ml) for the time indicated.
Eotaxin released in the culture medium from eosinophils was determined
by ELISA. Results are expressed as the arithmetic mean ± s.d. from trip-
licate experiments. Addition of TNF (20 ng) augmented significantly the
eotaxin release from eosinophils in a time-dependent manner from 1 h 
to 12 h comparing with non-treated cells (P < 0·05). The difference
between TNF-treated groups and other treated groups were assessed by
Mann–Whitney rank sum test. *P < 0·05. �, Medium; , TNF; , MG-
132 and TNF; , NaSal and TNF; , SB 203580 and TNF.
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