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Abstract

Peroxiredoxin II (PrxII) is one of reactive oxygen species (ROS)-degrading enzyme. Here, we
investigated the role of PrxII on toll-like receptor 4 (TLR4) and B-cell activating factor (BAFF)
expression in ovalbumin (OVA)-induced mouse asthma. We used ROS-producing PrxII−/− mice of
which cells up-regulate BAFF expression. As significant changes were detected in TLR4 mRNA
with real-time quantitative RT-PCR analysis, TLR4 protein was decreased in PrxII−/− mouse
splenocytes and peritoneal macrophages, compared to wild type cells. Airway hyper-
responsiveness (AHR) was more severe in PrxII−/− mice than wild type mice, which was measured
by the level of various parameters, number of eosinophils, IgE level, airway thickness, and
mucous secretion. BAFF was detected in cells surrounding airways of OVA-induced mouse and it
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was highly augmented in PrxII−/− mice. BAFF promoter activity was also higher in PrxII−/− mouse
embryonic fibroblast (MEF) than in wild type MEF. Collectively, results show that PrxII may have
benefits in asthma through reducing ROS. It suggests that BAFF and TLR4 expressions are
differentially regulated by PrxII and TLR4 protein level may not be crucial in OVA-induced
asthma.
© 2008 Published by Elsevier B.V.
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1. Introduction

Asthma is a chronic inflammatory disease of the lower airways,
characterized clinically by reversible airway obstruction and
airway hyper-responsiveness (AHR). The characteristic features
of asthma are airway inflammation (including the infiltration of
inflammatory cells such as eosinophils and lymphocytes),
epithelial damage, and airway remodeling. Oxidative stress
and oxidants have been implicated in the pathogenesis of
asthma [1,2]. Asthma induction with OVA is resulted in the
increase of ROS [3–5]. A reducing agent, L-2-oxothiazolidine-4-
carboxylic acid (OTC), a pro-drug of cysteine, increases
intracellular GSH and it may reduce airway inflammation and
AHR through the regulation of NF-κB activity [5].

Mature B-cell generation and maintenance are regulated
by B-cell activating factor (BAFF). BAFF is produced by
macrophages or dendritic cells (DCs) upon stimulation with
lipopolysaccharide (LPS) or interferon-γ. BAFF belongs to
the tumor necrosis factor (TNF) family. Its biological role is
mediated by the specific receptors, B-cell maturation an-
tigen (BCMA), transmembrane activator and calcium mod-
ulator and cyclophilin ligand interactor (TACI) and BAFF
receptor (BAFF-R) [6,7]. BAFF-deficient mice exhibit an al-
most complete loss of follicular and marginal-zone B
lymphocytes [8]. BAFF is associated with autoimmune
disorders and induces rheumatic arthritis in a transgenic
mouse model [9,10] These disorders are well-known Th1-
mediated inflammatory diseases. In addition, BAFF induces
class-switch DNA recombination to produce IgG, IgA and IgE
[11], which is in relation to Th2-mediated immune reaction-
mediated allergic disorder such as asthma [12–14]. BAFF
expression was increased by ROS treatment and PrxII gene
deletion [15]. Peroxiredoxins (Prxs) play a role in ROS deg-
radation. ROS production increased in PrxII−/− mice com-
pared to wild type mice [15–18]. Asthma induction with OVA
resulted in the increase of BAFF [19]. Treatment of asthma
with TACI:Fc scavenging soluble BAFF reduced asthmatic
symptom in mouse model [19].

Several reports have shown that toll-like receptor 4
(TLR4) agonist, LPS induced ROS generation and ROS are
involved in TLR4-associated activation of NF-κB [20,21]. ROS
that is produced by LPS-stimulation or PrxII gene deletion,
augments BAFF expression through NF-κB activation [15].
BAFF protein level was also increased in asthmatic patient
serum [22] and OVA-induced mouse lung tissues [19]. The
requirement of TLR4 for pulmonary inflammation depends on
the nature of the toxin and appears specific to toxin and
exposure conditions [23]. In addition, no differences were
seen in the abilities of naive C57BL/6 and TLR4−/− mice to
develop allergen-specific tolerance after exposure to similar
preparations of OVA [24]. However, little has been known
about the requirement of TLR4 in PrxII−/− mouse asthma and
the regulation of ROS-mediated TLR4 expression compared
to the augmentation of ROS-mediated BAFF expression.

In this study, we investigated the role of PrxII on TLR4
expression and the relationship between OVA-induced
asthma and PrxII expression. Here, we found the reciprocal
expression of TLR4 and BAFF in ROS-producing cells that
were experimentally modified by serum deprivation and in
constitutively ROS-producing PrxII−/− spleen cells. We also
found that asthma induction was more severe and BAFF
expression was higher in PrxII−/− mice than wild type mice. It
suggests that TLR4 expression is differentially regulated from
BAFF and TLR4 expression level may not be crucial in OVA-
induced asthma.

2. Materials and methods

2.1. Mice and reagents

Wild type and peroxiredoxin II−/− 129 sv/J mice were obtained by
breeding male PrxII+/− and female PrxII+/− mice and by performing
the genotyping of animals as described [18]. Animals were
maintained in the pathogen-free authorized facility in the Korea
Research Institute of Bioscience and Biotechnology (KRIBB) where
the temperature is at 20–22 °C, the humidity is 50–60%. The dark/
light cycles were 12 h. All animal procedures were conducted in
accordance with the guidelines of the institutional Animal Care and
Use Committee, KRIBB. Periodic-Acid Schiff (PAS) staining kit,
ovalbumin and aluminum hydroxide were purchased from Sigma-
Aldrich (St. Louis, MO). Except where indicated, all other materials
were obtained from the Sigma-Aldrich (St. Louis, MO).

2.2. Bronchial asthma induction with ovalbumin (OVA)

Wild type and PrxII−/− 129 sv/J mice were sensitized by intraper-
itoneal injection of 20 μg OVA emulsified in 2 mg aluminum
hydroxide in a total volume of 100 μl phosphate-buffered saline
(PBS) on days 0 and 14. On days 28, 29, and 30, mice were challenged
by ultrasonic nebulization exposure to an aerosol of 1% (w/v) OVA in
PBS for 30 min. Twenty-four hours after the last challenge (day 31),
the mice were sacrificed, and airway inflammation was character-
ized by histological examination.

2.3. Bronchoalveolar lavage (BAL)

The mice were killed with an overdose of pentobarbital. BAL fluid
(BALF) was collected from each animal via cannulation of the
exposed trachea and gentle flushing of the lungs with 0.5 ml of PBS
three times (total 1.5 ml). BALF was used to analyze the number of
eosinophils, and inflammatory cells.

2.4. Histological analysis

To count the number of eosinophils, cells in BALF were cyto-spinned
on slide glass, stained with Giemsa, and observed under light
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microscope. Immediately after the collection of BALF, the lung was
then inflated with 1 ml of 10% neutral buffered formalin. After
the fixation overnight in 10% formalin solution, lung tissues were
embedded in paraffin. Paraffin-embedded tissues were sectioned
into 4 μm thickness and stained with hematoxylin and eosin Y. The
bronchoalveolar changes were observed under light microscope with
200× magnification.

2.5. Immunostaining

Immunohistochemical studies to detect BAFF protein were per-
formed on formalin-fixed and paraffin-embedded lung tissue
sections (4 μm thick). Briefly, antigen was retrieved with Target
Retrieval solution (DAKO Cytomation, Denmark). Primary biotiny-
lated rat anti-mouse BAFF monoclonal antibody (IC9) (ALEXIS, San
Diego, CA) and secondary streptavidin-conjugated horseradish
peroxidase were used to detect BAFF in lung tissues.

Wild type and PrxII−/− peritoneal macrophages were collected
and plated on cover glass. Cells were stimulated with LPS and fixed
in 3% paraformaldehyde solution. Then, cells were stained with
primary anti-TLR4 antibodies (Santa Cruz Biotechnology, Santa Cruz,
CA) and secondary immunoglobulin-conjugated horseradish perox-
idase (HRP). The antigen–antibody reaction was visualized using
diaminobenzidine (DAB) as a chromogen, with Mayer's hematoxylin
counter staining. Cells were observed with 400× magnification.
Number of TLR4-positive cells was counted under light microscope
using image analyzer (Media Cybernetics, Silver Spring, MD).

2.6. Periodic-acid Schiff (PAS) staining

PAS staining was performed following the instruction's manual
(Sigma, St. Louis, MO). Briefly, tissues were de-paraffinized and
hydrated to deionized water. Glycol-containing cellular elements in
bronchi were visualized by the incubation in periodic-acid solution
and Schiff's reagent with Mayer's hematoxylin counter staining.
When treated with periodic acid, glycols are oxidized to aldehydes.
After reaction with Schiff's reagent (a mixture of pararosaniline and
sodium metabisulfite), a pararosaniline adduct is released that
stains the glycol-containing cellular elements pink to red. Cellular
elements which may be demonstrated with the PAS procedure
include glycogen, fungal walls, basement membrane, certain
epithelial sulfomucins and sialomucins, neutral mucosubstances.

2.7. Cell preparation

Spleens were dissected from control and OVA-induced mice in RPMI
1640 supplemented 2% fetal bovine serum (FBS). Splenocytes were
obtained by teasing spleen gently with plunger of 3 ml syringe and by
sieving through 70 μm cell strainer (Falcon, Bedford, MA). Red blood
cells were removed by incubating with RBC lysis buffer (Sigma
Chemical Co., St. Louis, MO) for 5 min. Spleen cells were washed
twice with RPMI 1640 medium. Cell numbers were adjusted to
appropriate concentrations.

2.8. Preparation of the mouse embryo fibroblast (MEF)

MEF (mouse embryo fibroblast) were prepared with 13.5-day embryos
derived from PrxII+/− mice mated with each other. Head, tail and
viscera were removed, the remain body was minced and dispersed in
0.25% trypsin/EDTA and incubated in a 5% CO2 at 37 °C for 30 min.
Then, the large fragments were removed and the cell suspension was
plated in 100 mm plates and incubated at 37 °C until confluent.

2.9. Measurement of mBAFF promoter activity

Wild type and PrxII−/− MEF cells were transfected with mBAFF
promoter (Genebank # AC138397) [25], pGL3-mBAFF-Luc and pcDNA-
lacZ for monitoring transfection efficiency by β-galactosidase assay.
Luciferase activity was determined by incubating cell extracts with
luciferase substrate (Promega). Luminescence was measured using a
luminometer (Perkin Elmer, Wellesely, MA). Luciferase units of
experimental vector were normalized to the control vector in each
sample.

2.10. Enzyme-linked immunosorbent assay (ELISA) for
mouse immunoglobulins (Igs)

IgG and IgE concentration was measured by ELISA quantitation kit
(Bethyl, Montgomery, TX), according to manufacturer's instruction.
100 μl of polyclonal anti-IgE or anti-IgG antibodies diluted in NaHCO3

buffer (pH 9.6) were transferred to an ELISA plate and incubated
overnight at 4 °C refrigerator. Plate was washed twice with washing
buffer (0.05% Tween 20 in PBS, pH 7.4) and blocked with blocking
solution (1% BSA, 5% sucrose and NaN3 in PBS) for 1 h. Mouse serum
diluted 5 times was used to measure IgG and IgE. Anti-IgE or anti-IgG
antibodies-conjugated horseradish peroxidase (HRP) were added and
incubated for 1 h. Substrate was 1:1 mixture of color reagent A (H2O2)
and color reagent B [tetramethylbenzidine (TMB)] (R&D system,
Minneapolis, MN). 50 μl of 1 M H2SO4 was added to stop reaction.
Absorbance was measured at 450 nm.

2.11. RT-PCR

RNA was isolated from cells using TRIzol (Invitrogen Life Technology,
Carlsbad, CA). cDNA was synthesized from 1μg of total RNA, using
oligo (dT)15 primers and superscript reverse transcriptase in a final
volume of 21 μl (Bioneer, Taejeon, Korea). For standard PCR, 1 μl of
the first strand cDNA product was then used as a template for PCR
amplification with Taq DNA polymerase (Bioneer, Taejeon, Korea).
PCR amplification proceeded as follows: 28 thermocycles of 94 °C
for 30 s, 55 °C for 30 s, and 72 °C for 30 s, using oligonucleotides
specific for TLR2 (forward: cag ctt aaa ggg cgg gtc aga g, reverse: tgg
aga cgc cag ctc tgg ctc a), TLR4 (forward: agt ggg tca agg aac aga agc
a, reverse: ctt tac cag ctc att tct cac c), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (forward: tcc acc acc ctg ttg ctg ta; reverse:
acc aca gtc cat gcc atc ac) and mBAFF (forward: gct ttc cag gga cca
gag gaa a; reverse: tta cag cag ttt tag ggc acc aa).

2.12. Real-time quantitative RT-PCR

Real-time PCR for TLR4 was performed using iQ™ SYBR® Green
Supermix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and
primers used in RT-PCR. For TLR4 amplification, samples were
heated to 94 °C for 8 min and cycled 45 times at 94 °C for 30 s, 56 °C
for 30 s, and 72 °C for 45 s. iCycler iQ™ Real-time PCR for mBAFF was
performed using TaqMan® Universal PCR Master mix (2X) and primers
(forward: cgc cga cta tac gaa aag gaa ctt a; reverse: ctc ctc caa ggc
att tcc tct tt) and FAM™ dye-labeled TaqMan® MGB probe (cca tgg ctt
ctc agc ttt). For mBAFF amplification, samples were heated to 95 °C
for 10 min and cycled 40 times at 95 °C for 15 s and 60 °C for 1 min.
Real-time PCR analysis for TLR4 and mBAFF was carried out in
duplicate using real-time PCR Detection System from Bio-Rad
Laboratories, Inc. (Hercules, CA, USA) and Applied Biosystems
(Foster City, CA, USA), respectively. The amount of TLR4 and
mBAFF mRNA was determined and normalized by the amount of
GAPDH mRNA as an internal control.

2.13. Western blot analysis

Cells were lysed in ice-cold lysis buffer containing 0.5% Nonidet P-40
(vol/vol) in 20 mM Tris–HCl (pH 8.3); 150 mM NaCl; protease
inhibitors (2 μg/ml aprotinin, pepstatin, and chymostatin; 1 μg/ml
leupeptin and pepstatin; 1 mM phenylmethyl sulfonyl fluoride
(PMSF); and 1 mM Na4VO3). Lysates were incubated for 30 min on



Figure 1 Inhibition of TLR4 protein level by the deletion of peroxiredoxin II (PrxII). Splenocytes from wild type and PrxII−/− mice
were prepared and TLR4 proteins were detected by Western blot analysis (A). RT-PCR was performed for the measurement of TLR2 and
TLR4 transcripts (B). Relative TLR4 transcripts in PrxII−/− to wild type mouse splenocytes were measured by real-time quantitative RT-
PCR analysis described in Materials and methods. Data in bar graph represent mean±SED. ⁎pb0.05; Significantly different from wild
type control (C). TLR4 was immunohistochemically detected in peritoneal macrophages from wild type and PrxII−/−mice. Macrophages
were fixed with 3% paraformaldehyde and incubated with anti-TLR4 antibodies. Antigen–antibody complexes were visualized with
diaminobenzidine (DAB). TLR4-positive cells were indicated by yellow arrows (D). TLR4-positive cells were counted under light
microscope with 400× magnification. Data in bar graph represent mean±SED. ⁎pb0.05; Significantly different fromwild type control (E).
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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ice before centrifugation at 14,000 rpm for 5 min at 4 °C. Proteins in
the supernatant were denatured by boiling for 5 min in sodium
dodecyl sulfate (SDS) sample buffer. Proteins were separated by 12%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), transferred to
nitrocellulose membranes. Following transfer, equal loading of
protein was verified by Ponceau staining. The membranes were
blocked with 5% skim milk in Tris-buffered saline with Tween 20
(TBST) (10 mM Tris–HCl, pH 7.6; 150 mM NaCl; 0.5% Tween 20) and
incubated with the indicated antibodies, monoclonal tubulin
(1:5000) from Sigma-Aldrich (St. Louis, MO), and polyclonal TLR4
Figure 2 Histopathological observation of control and OVA-challeng
hydroxide at day 1 and day 14. Then,micewere challengedby inhalatio
embedded,micro-sectioned and stainedwith hematoxylin/eosin (A). P
cellular elements in bronchi were visualized by the incubation in per
counter staining (B). Photographswere obtainedwith 200×magnificatio
(c and g), and OVA-induced PrxII−/− (d and h) lung tissues. All pictures
(1:1000) from Santa Cruz Biotechnology Inc. (Santa Cruz, CA). Bound
antibodies were visualized with HRP-conjugated secondary anti-
bodies with the use of enhanced chemiluminescence (ECL) (Pierce,
Rockford, IL).

2.14. Statistical analyses

Experimental differences were tested for statistical significance
using ANOVA and Students' t-test. p value of b 0.05 or 0.01 was
considered to be significant.
ed mouse lung tissues. Mice were injected with OVA in aluminum
nwithOVA at days 28, 29, and 30. Lung tissueswere fixed, paraffin-
eriodic acid-Schiff staining (PAS) was performed. Glycol-containing
iodic-acid solution and Schiff's reagent with Mayer's hematoxylin
n fromwild type (a ande), OVA-inducedwild type (b and f), PrxII−/−

were the representative of 3 experimental tissue samples.
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3. Results

3.1. Reduction of toll-like receptor 4 (TLR4) by the
deletion of PrxII gene

Toll-like receptors (TLRs) recognize pathogen-associated mole-
cular patterns and evoke various cell signaling pathways [23]. We
investigated the TLR4 expression in PrxII−/− mouse cells. ROS
level was elevated by the deletion of PrxII gene [18,26]. As
shown in Fig. 1A, TLR4 protein level was reduced in PrxII−/−
Figure 3 Assessment of various asthmatic parameters in OVA-induc
aluminum hydroxide at day 1 and day 14. Then, mice were challenge
lavage fluid (BALF) was collected from each PrxII−/− and wild type mic
cyto-spinned and stained with Giemsa. Number of cells was counted u
IgE and IgG concentration in plasma from PrxII−/− and wild type mice
in bar graph represent mean±SED. ⁎pb0.05; Significantly different
spleen cells, compared to wild type cells. While no changes of
TLR4 transcriptional level were detected by RT-PCR (Fig. 1B),
the decrease of TLR4 expression was about 30%, which was
measured by real-time quantitative RT-PCR analysis (Fig. 1C).
The decrease of TLR4 protein level was confirmed in PrxII−/−

peritoneal macrophages that were immunohistochemically
stained with anti-TLR4 antibodies (Fig. 1D). The percentage of
TLR4-positive peritoneal macrophages was reduced by the
deletion of PrxII gene (Fig. 1E). It suggests that TLR4 expression
could be regulated by PrxII-degradable ROS.
ed airway hyper-responsiveness. Mice were injected with OVA in
d by inhalation with OVA at days 28, 29, and 30. Bronchoalveolar
e. Macrophages (Mac.), monocytes (Mono.) and eosinophils were
nder light microscope (A). ELISAwas used to measure baseline of
(B). All data were the representative of three experiments. Data
from wild type control.
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3.2. High allergic responses were invoked in PrxII−/− mice

Given that oxidative stress and oxidants have been implicated in
the pathogenesis of asthma [1,2] and PrxII regulates pro-
inflammatory responses [27], we investigated whether OVA-
Figure 4 Increased BAFF expression in OVA-challenged mouse ast
immunohistochemical staining. Lung tissues were incubated with b
were visualized with diaminobenzidine (DAB). Photographs were obt
and OVA-induced PrxII−/− (d) lung tissues with 200× magnification.
samples (A). Relative mBAFF transcripts in PrxII−/− to wild type mou
analysis described in Materials and methods. Data in bar graph repres
control (B). Control and OVA-challenged mouse splenocytes were p
performed by the method described in Materials and methods (C).
induced asthma could be affected by the deletion of PrxII gene
and the reduced TLR4 production. Fig. 2 showed that asthmatic
symptom was more severe in PrxII−/− mouse bronchi in OVA-
induced asthma model, compared to wild type mouse bronchi.
Bronchial thickness and mucous secretion were increased by
hma. BAFF in airways from OVA-induced mice was detected by
iotinylated anti-BAFF antibodies. Antigen–antibody complexes
ained from wild type (a), OVA-induced wild type (b), PrxII−/− (c),
All pictures were the representative of 3 experimental tissue
se splenocytes were measured by real-time quantitative RT-PCR
ent mean±SED. ⁎⁎pb0.01; Significantly different from wild type
repared from wild type and PrxII−/− mice. Real-time PCR was
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PrxII deletion (Fig. 2A and B). The number of eosinophils and
inflammatory cells including macrophages and monocytes were
higher in OVA-induced PrxII−/− mice compared to those in OVA-
induced wild type mice (Fig. 3A). IgE level was higher and IgG
level was comparable in PrxII−/− mice, compared to wild type
mice (Fig. 3B). It suggests that PrxII may have benefits in asthma
through reducing ROS and TLR4 protein level may not be crucial
in OVA-induced asthma.

3.3. BAFF expression was increased in PrxII−/− mouse cells
surrounding bronchi

Given that BAFF expression was elevated by ROS in cellular
model [15] and by OVA in mouse asthma model [19], we
investigated whether OVA-induced BAFF expression increased by
the deletion of PrxII. BAFF protein was detected by immunohis-
tochemical staining with anti-BAFF antibodies. As shown in
Fig. 4A, BAFF protein expression was detected in OVA-induced
wild type mouse cells surrounding bronchi. In addition, BAFF
transcripts in splenocytes were increased by OVA-induction
(Fig. 4C). When assayed by real-time quantitative RT-PCR, BAFF
transcripts in splenocytes were highly increased by the deletion
of PrxII gene (Fig. 4B). More BAFF transcripts were also detected
by RT-PCR in PrxII−/− mouse splenocytes compared to wild type
(Fig. 4C). These data are consistent with our previous data that
ROS augmented BAFF expression [19].

To confirm the higher BAFF level in PrxII−/− bronchial tissues
than that in wild type tissues, we measured BAFF promoter
activity [25]. When BAFF promoter was transfected into wild
type and PrxII−/− MEF cells, promoter activity was higher in
PrxII−/− MEF than wild type MEF. When cells were incubated in
low percentage of serum which is a well-known ROS-producing
condition, promoter activity was elevated much more than that
in 10% of serum (Fig. 5). It suggests that BAFF expression could
be up-regulated by ROS and it could be differently regulated
from TLR4 in PrxII−/− mice.
Figure 5 Measurement of BAFF promoter activity in mouse
embryonic fibroblast (MEF). Wild type and PrxII−/− MEF cells
were transfected with pGL3-mBAFF-Luc. mBAFF promoter
activity was measured as luciferase activity using luminometer.
BAFF promoter activities were increased by the deletion of PrxII
gene. Data were the representative of four experiments. Data in
the bar graph represent the mean±SED. ⁎pb0.05; Significantly
different from pGL3-Luc basic vector-transfected control.
4. Discussion

Toll-like receptor 4 agonist, LPS-induced ROS generation and
ROS are involved in TLR4-associated activation of NF-κB
[20,21]. Peroxiredoxins (Prxs) play a role in ROS degradation.
ROS production increased in PrxII-deficient mice compared to
wild type mice. Yang et al. reported that TLR4-stimulated
inflammation was elevated in PrxII-deficient mice [15] but
they did not mention the expression level of TLR4. BAFF
expression in splenocytes was regulated by ROS-producing
conditions such as LPS-stimulation, serumdeprivation andPrxII
deletion [15]. Serum BAFF level in asthmatic patients was
above normal [22]. Little is knownabout the regulation of ROS-
mediated TLR4 expression compared to ROS-mediated BAFF
expression. Here, we investigated the role of PrxII on ROS-
mediated expression of TLR4 and BAFF in OVA-induced mouse
asthmamodel.We found thatTLR4proteinsweredecreasedby
PrxII deletion (Fig. 1). We also found that BAFF expression was
increased in surrounding bronchi in OVA-induced asthmatic
mice, which was higher in PrxII−/− mice than wild type mice. It
suggests that BAFF and TLR4 expressions are differentially
regulated by PrxII-degradable ROS and TLR4 protein level may
not be crucial in OVA-induced asthma.

Usually, inflammatory responses were accompanied in
asthma, which was explained by the activation in toll-like
receptor-mediated signaling [28]. However, it is yet to be
defined whether the stimulation of TLR4 can protect, have
no effect, or exacerbate allergic asthma [24]. The require-
ment of TLR4 for pulmonary inflammation depends on the
nature of the toxin and appears specific to toxin and ex-
posure conditions [23]. Wild type and TLR4-deficient mice
had similar responses to allergen for short periods [24].

A few explanations are possible to interpret our data, up-
regulation of BAFF gene and down-regulation of TLR4 pro-
tein. In the first explanation, BAFF expression could be
independent of TLR4 and it might be dependent on ROS
production, in part. Although the deletion of PrxII gene may
not only be resulted in the elevation of ROS but also in the
much complex consequences, ROS production could con-
tribute to BAFF expression by the stimulation of other target
genes or proteins, rather than TLR4. It is supported by pre-
vious reports that BAFF is induced by TLR3-activation in
airway epithelial cells [29].

In the second explanation, PrxII could differentially reg-
ulate TLR4 and BAFF. While TLR4 production was transla-
tionally regulated by ROS production in PrxII−/− cells, BAFF
expression was transcriptionally controlled. It is well-known
that ROS activate NF-κB [20,30–33]. ROS and other free
radicals can also activate AP-1 and NF-κB transcription
coordinately [34]. BAFF gene was regulated by NF-κB ac-
tivation [35,36] and by the involvement of co-activator,
p300 [25]. The TLR4 promoter has a binding site for AP-1 and
hypoxia-induced TLR4 down-regulation may be due to an
ROS-mediated decrease in AP-1-binding activity [37]. This is
required to be cleared in the next study.

The third explanation is that the down-regulation of TLR4
in PrxII−/− cells could be a negative feedback regulation to
consistent stimulatory effect of ROS on BAFF expression. It
may be one of the compensatory effect to prevent hyper-
activation and then to maintain cellular homeostasis. In
immune responses, PrxII is an essential negative regulator of
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LPS-induced inflammatory signaling through modulation of
ROS synthesis via NADPH oxidase activities and therefore, is
crucial for the prevention of excessive host responses to
microbial products [27]. It would be defined whether BAFF
and TLR4 are regulated by PrxII or ROS produced by the
deletion of PrxII, directly or indirectly.

In conclusion, ROS produced by PrxII deletion augment
BAFF expression and inhibit TLR4 production. OVA-induced
asthma was more severe in ROS-producing PrxII−/− mice than
wild type mice. It suggests that BAFF and TLR4 expressions
are differentially regulated by PrxII and TLR4 expression
level may not be crucial in OVA-induced asthma.
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