
Abstract. The immunosuppressive effect of triptolide has been
associated with suppression of T-cell activation. However, the
immunosuppressive effects of triptolide on innate immunity
in the epithelial barrier remain to be elucidated. Human ß-
defensin (HBD)-2 is an inducible antimicrobial peptide and
plays an important role in the innate immunity. We have
previously demonstrated that IL-1ß induced HBD-2 mRNA
expression in A549 cells through activation of nuclear factor-
κB (NF-κB) transcriptional factor as well as p38 mitogen-
activated protein kinase (MAPK), c-Jun N-terminal kinase
(JNK), or phosphatidylinositol-3-kinase (PI3K). In this study,
we investigated effects of triptolide on IL-1ß-induced HBD-2
mRNA expression in A549 cells. Triptolide inhibited IL-1ß-
induced HBD-2 mRNA expression in a dose-dependent
manner. Addition of triptolide did not suppress activation of
p38 MAPK, JNK, or PI3K in response to IL-1ß. Triptolide
inhibited IL-1ß-induced MAPK phosphatase-1 expression at
the transcriptional level and resulted in sustained phosphoryl-
ation of JNK or p38 MAPK, explaining the little effect of
triptolide on IL-1ß-induced phosphorylation of these kinases.
Although triptolide partially suppressed IL-1ß-mediated
degradation of IκB-· and nuclear translocation of p65 NF-κB,
triptolide potently inhibited NF-κB promoter-driven luciferase
activity in A549 cells. These results collectively suggest that
the inhibitory effect of triptolide on IL-1ß-induced HBD-2
mRNA expression in A549 cells seems to be at least in part
mediated through nuclear inhibition of NF-κB transcriptional

activity, but not inhibition of p38 MAPK, JNK, or PI3K. This
inhibition may explain the ability of triptolide to diminish
innate immune response.

Introduction

The defensin family of antimicrobial peptides is widely
distributed among various species and participates primarily
in the innate immune system against microorganisms (1). In
addition to antimicrobial activity, defensins also possess
chemotactic activity for immature dendritic cells, memory
T-cells, or monocytes, and the stimulatory activity for cytokine
production (2,3). These suggest that the human defensin family
serves as a linker between the innate and acquired immune
responses. In humans, based on the structural characteristics,
defensins are classified as ·- and ß-defensins. Human ·-
defensins are mainly expressed in granulocytes and intestinal
Paneth cells whereas human ß-defensins (HBDs) are pre-
dominantly expressed by various epithelial cells (1,4-6). Six
HBDs have been described so far. HBD-1 is constitutively
expressed in epithelial cells and also induced in monocyte-
derived macrophages by interferon-Á or lipopolysaccharide
(7). HBD-2, -3 or -4 is also inducible by bacterial factors or
pro-inflammatory stimuli (5,8,9). HBD-5 and -6 have been
identified and known to be specially localized to the epididymis
(6). 

Epithelial cells are the initial barrier to bacterial infections
and play an important role in inflammation by the production
of cytokines and other mediators. It has been reported that
HBD-2 expression is increased in response to bacterial
infections or pro-inflammatory agonists in epithelial cells and
is involved in host defense under inflammatory conditions
(2,10-13). Evidence to date suggests that induction of HBD-2
is largely dependent of nuclear factor-κB (NF-κB) tran-
scriptional factor and/or mitogen-activated protein kinases
(MAPKs) (14-18). 

Triptolide is an immunosuppressive and anti-inflammatory
agent from Chinese herb Tripterygium Wilfordii Hook F
(19,20). It has been shown that triptolide inhibits the activity
of NF-κB (21-23), down-regulates the expression of NF-κB-
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related inflammatory genes (24,25), and suppresses the
expression of dual-specificity MAPK phosphatases-1 (MKP-1)
(26-28). MAPKs play a critical role in the regulation of cell
growth and differentiation in the control of cellular responses
to stresses and cytokines. The activities of MAPKs are
negatively regulated via dephosphorylation of the conserved
tyrosine and threonine residues by a family of MKPs (29).
MKP-1, the archetypal MKP, has been shown to preferentially
dephosphorylate c-jun N-termian kinase (JNK) or p38 MAPK
(26). In a previous report, we have shown that the pro-
inflammatory cytokine, IL-1ß induces HBD-2 in human
type II A549 pneumocyte cells through activation of NF-κB,
phosphatidylinositol-3-kinase (PI3K), p38 MAPK, and JNK
(14). However, the regulatory mechanism by which triptolide
modulates HBD-2 mRNA expression in response to pro-
inflammatory cytokine signals is not fully understood.

In the present study, we have investigated the effect of
triptolide on IL-1ß-induced HBD-2 mRNA expression in A549
cells. We showed that triptolide suppressed IL-1ß-induced
HBD-2 mRNA expression in A549 cells, and the suppression
seemed to be in part associated with inhibition of NF-κB
transcriptional activation, but not through modulation of JNK,
p38 MAPK, or PI3K activity in response to IL-1ß signal. 

Materials and methods

Cell culture. A549 cells (ATCC, CCL 185), a human alveolar
type II epithelial cell-like adenocarcinoma cell line, were
maintained at 37˚C in a humidified atmosphere of 95% air
and 5% CO2 in RPMI-1640 medium supplemented with 10%
heat inactivated fetal bovine serum, 2 mM glutamine, 100 U/ml
penicillin, and 100 μg/ml streptomycin. Typically, 3x105/ml
cells were seeded, and maintained in the tissue culture
incubator for 12-16 h before the addition of IL-1ß or other
reagents. 

Drugs and materials. Antibodies against phospho-p70S6
kinase (p-p70S6K), phospho-AKT (p-AKT), AKT, phospho-
extracellular signal-regulated kinase (p-ERK), ERK,
phospho-p38 MAPK (p-p38 MAPK), p38 MAPK, phospho-
JNK (p-JNK), and JNK were purchased from Cell Signaling
(Beverly, MA, USA). Antibodies against MKP-1, inhibitory
κB-· (IκB-·), p65 NF-κB, ß-actin, and ß-tubulin were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Recombinant human IL-1ß was obtained from R&D Systems
(Minneapolis, MN, USA). (Benzyloxycarbonyl)-Leu-Leu-
phenylalaninal (ZLLF), MG132, and triptolide were obtained
from Calbiochem (La Jolla, CA, USA).

Reverse transcription-polymerase chain reaction (RT-PCR).
The expression values of HBD-2 and MKP-1 were quantified
by semi-quantitative RT-PCR analysis, using glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA as an internal
standard. Total cellular RNA was isolated from cells and
reverse transcribed using a random hexadeoxynucleotide
primer (Perkin Elmer, Branchburg, NJ, USA), and reverse
transcriptase (Perkin Elmer) in 20 μl volume. PCR amplific-
ation was performed by using 0.25 μl of AmpliTaq DNA
polymerase (Perkin Elmer), 1 μl of each 10 mM deoxyribo-
nucleotide triphosphate, 6.25 μl of GeneAmp 10X PCR

buffer II (Perkin Elmer), 4 μl of 25 mM MgCl2, 1 μl of each
specific sense and anti-sense primer at 25 μM, and water with
the hot-start method to enhance the sensitivity and specificity
of amplification. The PCR products were analyzed on 1.5%
agarose gel. The primer sequences and product sizes were as
follows: HBD-2 forward 5'-CCA GCC ATC AGC CAT GAG
GGT-3', reverse 5'-GGA GCC CTT TCT GAA TCC GCA-3',
254 bp; MKP-1 forward 5'-GCT GTG CAG CAA ACA GTC
GA-3', reverse 5'-CGA TTA GTC CTC ATA AGG TA-3',
450 bp; and GAPDH forward 5'-CGT CTT CAC CAC CAT
GGA GA-3', reverse 5'-CGG CCA TCA CGC CAC AGT
TT-3', 300 bp. 

Plasmids. pNF-κB-Luc reporter vector was obtained from
Stratagene (La Jolla, CA, USA). The MKP-1 luciferase DNA
was kindly provided by Dr Yusen Liu (30). The HBD-2
promoter was amplified by PCR using sense: 5'-TTGGT
ACCGCATCAACAGCTAACATCACAC-3' and anti-sense:
5'-TTCTCGAGTACAAGACCCTCATGGCTGA-3'. Both
primers were designed based on GeneBank number AF071216,
additional restriction sites are indicated by underlining. The
synthesized 2320-bp fragments were cloned into TA-vector
(Promega, Madison, WI, USA). The 2320-bp fragments of the
HBD-2 promoter with the KpnI and XhoI sites were subcloned
into the promoterless firefly luciferase vector pGL3-Basic
(Promega, Madison, WI, USA). 

Transfection and luciferase assay. A549 cells were seeded
into 35-mm plates 1 day before transfection at the density of
1x105 cells/plate. Cells were transiently transfected with 1 μg
reporter constructs and 20 ng Renilla luciferase expression
vector pRL-TK (Promega) using Lipofectamine (Promega),
according to the protocol provided by the company. Following
24-h post-transfection, cells were exposed to IL-1ß (1 ng/ml)
for an additional 6 h. After incubation, cells were harvested,
washed and lysed in 200 μl Dual-Luciferase reporter assay
reagent (Promega). Firefly and Renilla luciferase activities
were measured using a Dual-Luciferase reporter assay kit
(Promega) and luminometer. Promoter activity was expressed
as relative luciferase activity (fold) normalized to Renilla
luciferase activity. Statistical analysis was performed using
paired or unpaired Student's t-test. The accepted level of
significance was p-value <0.05.

Western blot analysis. Whole cell extracts were prepared in
the lysis buffer as described previously (31). For phospho-
protein detection, cells were washed with ice-cold phosphate-
buffered saline containing 1 mM Na3VO4 and 1 mM NaF,
and lysed in a buffer [20 mM Tris-Cl (pH 8.0), 137 mM NaCl,
10% glycerol, 1% Triton X-100, 1 mM Na3VO4, 1 mM NaF,
2 mM EDTA, 200 nM aprotinin, 20 μM leupeptin, 50 μM
phenanthroline, 280 μM benzamidine-HCl]. To isolate
cytosolic and nuclear proteins, cells were homogenized in
ice-cold hypotonic buffer (10 mM HEPES, 10 mM KCl, 3 mM
MgCl2, 0.5% NP-40, 2 mM PMSF, 1 mM DTT, 200 nM
aprotinin) for 20 min and centrifuged at 12,000 rpm for 10 min.
The supernatant was saved as a cytosolic fraction. The pellets
were homogenized in ice-cold nuclear extract buffer [10 mM
Tris-Cl (pH 7.5), 0.5 M NaCl, 2.5% glycerol, 1.5 mM MgCl2,
0.5 mM EDTA, 0.5 mM EGTA, 1 mM DTT, 2 mM PMSF,
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200 nM aprotinin] for 20 min and centrifuged at 12,000 rpm
for 10 min. The supernatant was saved as a nuclear fraction.
The protein concentration of extracts was estimated with
Bradford reagent (Bio-Rad, Hercules, CA, USA) using bovine
serum albumin as the standard. Equal amounts of protein
(40 μg/lane) were resolved by 10-12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and transferred onto a
nitrocellulose membrane. The membrane was then washed with
Tris-buffered saline (10 mM Tris, 150 mM NaCl) containing
0.05% Tween-20 (TBST) and blocked in TBST containing
5% non-fat dried milk. The membrane was further incubated
with respective specific antibodies such as p-ERK (1:2000),
ERK (1:2000), p-JNK (1:1000), JNK (1:2000), p-p38 MAPK

(1:1000), p38 MAPK (1:2000), p-p70S6K (1:1000), p-AKT
(1:1000), AKT (1:2000), MKP-1(1:2000), p65 NF-κB
(1:2000), IκB-· (1:2000), ß-actin (1:10000), and ß-tubulin
(1:5000). The membrane was continuously incubated with
appropriate secondary antibodies coupled to horseradish
peroxidase, and developed in the ECL Western detection
reagents (Amersham Pharmacia Biotech, Piscataway, NJ,
USA).

Results

Triptolide suppresses IL-1ß-induced HBD-2 mRNA expression
at the transcriptional level. We previously reported that IL-1ß
induced HBD-2 mRNA expression in A549 cells and its
induction was due to increased transcription (14). In order to
determine whether triptolide could modulate IL-1ß-induced
HBD-2 mRNA expression in A549 cells, cells were pretreated
for 1 h with different concentrations of triptolide and then
treated with IL-1ß for an additional 6 h. As shown in Fig. 1A,
pretreatment with triptolide suppressed IL-1ß-induced HBD-2
mRNA expression in a concentration-dependent manner. To
determine whether the down-regulation of IL-1ß-induced
HBD-2 mRNA expression by triptolide was due to decreased
HBD-2 transcription, HBD-2 reporter gene construct was
transiently transfected to A549 cells, and cells were then
exposed to different concentrations of triptolide for 1 h,
following measurement of the luciferase activity. As shown
in Fig. 1A and B, a significant correlation between HBD-2
mRNA expression and luciferase activity was observed.
Triptolide suppressed IL-1ß-induced luciferase expression in
a concentration-dependent manner (Fig. 1B). These results
suggest that down-regulation of IL-1ß-induced HBD-2
mRNA expression by triptolide is associated with HBD-2
transcriptional suppression.

Effects of triptolide on IL-1ß-induced activation of JNK, p38
MAPK, and PI3K. In a previous report, we have also shown
that activation of p38, JNK, or PI3K is critical for IL-1ß-
induced HBD-2 mRNA expression in A549 cells (14).
Therefore, we determined the effect of triptolide on IL-1ß-
induced activation or phosphorylation of these kinases in
A549 cells. As shown in Fig. 2A, treatment with 1 ng/ml IL-1ß
resulted in phosphorylation of JNK, p38 MAPK, AKT, and
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Figure 1. Concentration-dependent down-regulation of IL-1ß-induced HBD-2
mRNA expression and luciferase activity by triptolide in A549 cells. (A)
Cells were pretreated for 1 h with the indicated concentrations of triptolide
and then cells were treated with IL-1ß (1 ng/ml) for 6 h. Total RNA was
prepared and used for HBD-2 or GAPDH RT-PCR. (B) Effect of triptolide
on HBD-2 promoter activity induced by IL-1ß. Cells were co-transfected
with 1 μg of the HBD-2 promoter-containing luciferase DNA along with 20 ng
of control pRL-TK DNA for 24 h. Cells were pretreated for 1 h with the
indicated concentrations of triptolide and then treated with IL-1ß (1 ng/ml)
for 6 h. Cells were harvested and assayed for luciferase activity as described
in Materials and methods. Data represent mean ± SD (n=3). *p<0.05 vs. IL-1ß.

Figure 2. Effects of triptolide on IL-1ß-induced activation of JNK, p38 MAPK, AKT, and p70S6K. (A) A549 cells were treated with IL-1ß (1 ng/ml) for the
indicated times. At each time, whole cell lysates were prepared and used for ERK, p-p38 MAPK, p-JNK, p-AKT, or p-p70S6K Western blotting with
respective antibodies. (B) Cells were pretreated for 1 h with the indicated concentrations of triptolide and then treated with IL-1ß (1 ng/ml) for 15 min. Whole
cell lysates were prepared and used for ERK, p-p38 MAPK, p-JNK, p-AKT, or p-p70S6K Western blotting with respective antibodies.
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p70S6K. Activation of these kinases became apparent at 5 or
15 min. In order to link the inhibitory effect of triptolide on
IL-1ß-induced HBD-2 mRNA expression to JNK, p38 MAPK,
or PI3K pathway, we next determined the effect of triptolide
on IL-1ß-induced activation of these kinases. Pretreatment
with triptolide had little effect on IL-1ß-induced activation of
JNK, p38 MAPK, AKT, or p70S6K (Fig. 2B), suggesting that
triptolide-mediated inhibition of IL-1ß-induced HBD-2 mRNA
expression is not through JNK, p38 MAPK, or PI3K pathway.

Triptolide down-regulates IL-1ß-induced MKP-1 expression.
MAPKs could be rapidly inactivated through dephosphoryl-
ation by MKPs. In particular, among MKPs, MKP-1 plays an
important role in regulating the activity of MAPKs (27,29).
Interestingly, triptolide has been known to suppress MKP-1
expression at the transcriptional and protein level (26-28).
Suppression of MKP-1 expression by triptolide can sustain
MAPK activation. As shown in Fig. 3A, treatment with IL-1ß
in A549 cells time-dependently induced MKP-1 protein
expression that was associated with increased MKP-1 mRNA
levels. High expression of MKP-1 mRNA and protein were
observed at 30 min and 1 h after IL-1ß stimulation, respect-
ively. We next determined whether triptolide inhibited IL-1ß-
induced MKP-1 expression in A549 cells. Pretreatment with
triptolide for 1 h attenuated IL-1ß-induced MKP-1 protein and
mRNA expression in a dose-dependent manner (Fig. 3B). The

luciferase data further demonstrated that triptolide suppressed
IL-1ß-induced MKP-1 promoter-driven luciferase expression
(Fig. 3C), suggesting that triptolide attenuates in part MKP-1
expression at the transcriptional level. We thus asked whether
no inhibitory effect of triptolide on IL-1ß-induced phosphoryl-
ation of MAPKs as shown in Fig. 2A was due to triptolide-
mediated suppression of MKP-1 protein expression. As shown
in Fig. 3D, in the absence of triptolide, IL-1ß treatment for
30 min led to strong phosphorylation of ERKs, p38 MAPK,
and JNK, while it did not affect expression of MKP-1 protein
in A549 cells. On the other hand, in the absence of triptolide,
there was high expression of MKP-1 protein and low levels
of phosphorylation of ERK, p38 MAPK, or JNK in A549 cells
after IL-1ß treatment for 60 min. Interestingly, treatment with
triptolide dose-dependently down-regulated IL-1ß-mediated
induction of MKP-1 protein that was associated with sustained
phosphorylation of these MAPKs in A549 cells (Fig. 3D),
suggesting a link between expression level of MKP-1 protein
and degree of phosphorylation of these MAPKs in response
to IL-1ß. Nevertheless, these results suggest that the inhibitory
effect of triptolide on IL-1ß-induced HBD-2 mRNA expression
is not associated with inactivation of JNK or p38 MAPK.

Triptolide inhibits IL-1ß-induced NF-κB activation. NF-κB
signaling pathway has been implicated in the expression of
HBD-2 (14,15,17). Consistent with this, we have previously

JANG et al:  TRIPTOLIDE SUPPRESSES IL-1ß-INDUCED HUMAN ß-DEFENSIN-2760

Figure 3. IL-1ß induces MKP-1 expression and its induction is inhibited by triptolide at the transcriptional level. (A) Time-dependent increase of IL-1ß-
induced MKP-1 mRNA and protein expression. A549 cells were treated with IL-1ß (1 ng/ml) for the indicated time intervals. Total RNA and whole cell
lysates were prepared and analyzed for MKP-1 or GAPDH RT-PCR and MKP-1 or ß-actin Western blotting, respectively. (B) Cells were pretreated with the
indicated concentrations of triptolide and then treated with IL-1ß (1 ng/ml) for an additional 1 h. Total RNA and whole cell lysates were prepared and
analyzed for MKP-1 or GAPDH RT-PCR and MKP-1 or ß-actin Western blotting, respectively. (C) Effect of triptolide on MKP-1 promoter activity induced
by IL-1ß in A549 cells. A549 cells were co-transfected with 1 μg of the MKP-1 promoter-containing luciferase DNA along with 20 ng of control pRL-TK
DNA for 24 h. Cells were pretreated for 1 h with the indicated concentrations of triptolide and then treated with IL-1ß (1 ng/ml) for 60 min. Cells were
harvested and assayed for luciferase activity as described in Materials and methods. Data represent mean ± SD (n=3). *p<0.05 vs. IL-1ß. (D) Cells were
pretreated with the indicated concentrations of triptolide and then treated with IL-1ß (1 ng/ml) for an additional 30 or 60 min. Whole cell lysates were
prepared and used for MKP-1, p-ERK, ERK, p-p38 MAPK, or p-JNK Western blotting with respective antibodies.
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reported that pretreatment with NF-κB inhibitors effectively
suppresses IL-1ß-induced HBD-2 mRNA expression (14).
Therefore, we next determined whether the inhibitory effect
of triptolide on IL-1ß-induced HBD-2 mRNA expression was
associated with modulation of NF-κB activity. As shown in
Fig. 4A, IL-1ß resulted in the marked degradation of IκB-·,
an inhibitory protein of NF-κB, which occurred within 15-
30 min. Treatment with IL-1ß also resulted in the marked
nuclear translocation of p65 NF-κB and concomitant degrad-
ation of IκB-· in the cytosol (Fig. 4B, upper panel). MG132
and ZLLF, the NF-κB inhibitors, effectively inhibited not only
nuclear translocation of p65 NF-κB but also NF-κB promoter-
driven luciferase activity following IL-1ß treatment (Fig. 4B,
upper panel). Interestingly, treatment with triptolide partially
suppressed IL-1ß-induced degradation of IκB-· and nuclear
translocation of p65 NF-κB in a concentration-dependent
manner. Triptolide has been shown to inhibit NF-κB tran-
scriptional activation without inhibiting NF-κB DNA binding
activity (21,22). This led us to test the effect of triptolide on
NF-κB promoter-driven luciferase activity following treatment
with IL-1ß. Indeed, data of the luciferase transfection
studies demonstrated that triptolide potently inhibited NF-κB
promoter-driven luciferase activity in a dose-dependent
manner (Fig. 4B, lower panel). These results suggest that the
inhibitory effect of triptolide on IL-1ß-induced HBD-2 mRNA

expression in A549 cells may be, in part, due to inhibition of
NF-κB pathway.

Discussion

HBD-2, a cationic peptide with antimicrobial and chemotactic
properties, is induced by mainly epithelial cells in response to
bacterial infection or pro-inflammatory cytokines and plays
an important role in innate immunity. The immunosuppressive
effect of triptolide has been associated with suppression of
T-cell activation (19,20). Treatment of patients with immuno-
suppressive agents such as corticosteroids could lead to
vulnerability to infection by down-regulation of the expression
of antimicrobial peptides or impaired leukocyte migration.
However, the immunosuppressive effects of triptolide on innate
immunity in the epithelial barrier remain to be elucidated. In
this study, we show for the first time that triptolide significantly
decreases IL-1ß-induced HBD-2 mRNA expression in A549
cells by NF-κB-dependent HBD-2 transcriptional suppression.

MAPKs play an important role in the control of cellular
responses to cytokines. Moreover, MAPKs are linked to the
expression of HBD-2 induced by various stimuli including
IL-1ß (16,18,32). In support of this, we previously
demonstrated that p38 MAPK and JNK, but not ERK,
involved in IL-1ß-induced HBD-2 mRNA expression in
A549 cells (14). It has been shown that triptolide and (5R)-
5-Hydroxytriptolide (LLDT-8) decrease the LPS-induced
activation of ERK, JNK, or p38 MAPK in RAW 264.7 cells
(33,34). However, in this study, we observed that triptolide
had little effect on IL-1ß-induced phosphorylation of JNK
and p38 MAPK. MKP-1 plays an important role in the activity
of MAPKs (29). Interestingly, triptolide is shown to suppress
MKP-1 expression and such inhibition of MKP-1 induction
by triptolide can delay the dephosphorylation of MAPKs (26).
Consistently, we demonstrated that triptolide inhibited IL-1ß-
induced MKP-1 expression at the transcriptional level and
resulted in sustained phosphorylation of JNK and p38 MAPK
in A549 cells, explaining the little effect of triptolide on
IL-1ß-induced phosphorylation of these kinases in this study.
Nevertheless, these results clearly indicated that the suppressive
effect of triptolide on IL-1ß-induced HBD-2 mRNA expression
was not associated with inactivation of JNK and p38 MAPK.
Involvement of PI3K signaling pathway in IL-1ß-induced
HBD-2 mRNA expression has been reported (14,35). PI3K
comprises a family of lipid signaling enzymes that promote
phosphorylation of phosphoinositides. Miyata et al (36)
reported that triptolide-induced inhibitory signal for tumor
cell proliferation was initiated by the decrease in PI3K activity.
In this study, however, triptolide had little effect on IL-1ß-
induced activation or phosphorylation of PI3K downstream
effectors, AKT and p70S6K, excluding the possibility that
triptolide inhibits IL-1ß-induced HBD-2 mRNA expression
through PI3K pathway. 

Previously we have shown that activation of NF-κB is
essential for IL-1ß-induced HBD-2 mRNA expression in A549
cells (14). Triptolide has been regarded as a specific inhibitor
of NF-κB and reported to inhibit the expression of NF-κB-
regulated genes (20,23-25,33). Nuclear translocation and
DNA binding of NF-κB are preceded by the phosphorylation
and degradation of IκB-·. We here showed that treatment
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Figure 4. Triptolide inhibits p65 NF-κB transcriptional activity in IL-1ß-
treated A549 cells. (A) Cells were treated with IL-1ß for the indicated times.
At each time, whole cell lysates were prepared and used for IκB-· or ß-actin
Western blotting. (B) Cells were pretreated with MG132 (5 μM), ZLLF
(10 μM), or the indicated concentration for triptolide and then treated with
IL-1ß (1 ng/ml) for an additional 15 min. Nuclear and cytosolic fractions
were prepared and used for p65 NF-κB, IκB-·, ß-tubulin, or ß-actin Western
blotting. In addition, cells were co-transfected with 1 μg of pNF-κB-Luc DNA
along with 20 ng of control pRL-TK DNA for 24 h. Cells were pretreated
with MG132 (5 μM), ZLLF (10 μM), or the indicated concentration of
triptolide for 1 h and then treated with IL-1ß (1 ng/ml) for 15 min. After
treatment with IL-1ß, cells were harvested and assayed for luciferase activity
as described in Materials and methods. Data represent the mean ± SD (n=3).
*p<0.05 vs. IL-1ß.
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with IL-1ß induced the marked degradation of IκB-· and
nuclear translocation of p65 NF-κB. It has been shown that
triptolide inhibits NF-κB transcriptional activation even in
the presence of enhanced nuclear NF-κB DNA binding activity
(21,22). Qui et al (21) have also demonstrated that the effect
of triptolide in inhibiting transcriptional activation in the
nucleus after specific binding of NF-κB to DNA might involve
interference with recruitment of co-activators that modulate
chromatin conformation or inhibition of interaction between
p65 NF-κB and RNA polymerase. In the present study, we
found that triptolide potently inhibited NF-κB promoter-driven
luciferase activity in A549 cells, whereas triptolide partially
suppressed IL-1ß-mediated degradation of IκB-· and nuclear
translocation of p65 NF-κB. Therefore, it is likely that the
inhibitory effect of triptolide on IL-1ß-induced HBD-2 mRNA
expression seems to be in part through inhibition of nuclear
transcriptional activation of NF-κB.

In conclusion, findings of the present study demonstrate
that triptolide down-regulates IL-1ß-induced HBD-2 mRNA
expression in A549 cells, and this effect seems to be at least
in part mediated through inhibition of transcriptional activation
of NF-κB, but not p38 MAPK, JNK, or PI3K. Considering
that HBD-2 is an inducible antimicrobial peptide and plays
an important role in the innate immune system, the suppression
of IL-1ß-induced HBD-2 mRNA expression by triptolide may
explain its ability to diminish innate immunity. 
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