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Transcription factor AP-20 negatively regulates
thymic stromal lymphopoietin expression
in respiratory syncytial virus infection
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Abstract. Respiratory syncytial virus (RSV) infection
enhances the cell-mediated immune responses of type 2 helper
T cells and promotes the progression of allergic inflammation
and asthma by producing thymic stromal lymphopoietin
(TSLP), especially long isoform TSLP (IfTSLP). However,
the role of short isoform TSLP (sfTSLP) in RSV infection
remains to be elucidated. The present study was designed
to demonstrate the role of both IfTSLP and sfTSLP, as
transcription regulators, in RSV infection. The expression
of If TSLP and sfTSLP in RSV-infected Beas-2B cells was
analyzed. Activating protein 2 (AP-2)a was overexpressed or
knocked down to detect the changes in sfTSLP and IfTSLP
expression. Luciferase reporter plasmid and chromatin
immunoprecipitation experiments demonstrated that AP-2a
bound to the sfTSLP promoter region. LfTSLP and sfTSLP
increased while AP-2a decreased in RSV-infected Beas-2B
cells. In the Beas-2B cells, AP-2a was found to negatively
regulate the activity of the sfTSLP promoter and the mRNA
level of sfTSLP. AP-2a also negatively regulated the expression
of IfTSLP at both the mRNA and protein levels. The results of
the chromatin immunoprecipitation assay indicated that AP-2a
bound to the core promoter region of sfTSLP. These results
confirmed that the transcription factor AP-2a. can repress the
expression of If TSLP and sfTSLP in bronchial epithelial cells
in RSV infection.

Introduction

Respiratory syncytial virus (RSV) infection enhances the
cell-mediated immune responses of type 2 helper T cells
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and promotes the progression of allergic inflammation and
asthma by producing thymic stromal lymphopoietin (TSLP),
especially long isoform TSLP (IfTSLP) (1,2). TSLP, an inter-
leukin (IL)-7-like cytokine first discovered in the supernatant
of thymic stromal cell cultures in mice, derives from the
epithelium and acts in the pathophysiology of autoimmune and
allergic diseases, including atopic dermatitis, allergic conjunc-
tivitis, allergic rhinitis and asthma (3-5). TSLP exists in two
distinct isoforms, If TSLP and short isoform TSLP (sfTSLP).
IfTSLP has a sequence of 159 amino acids, while sfTSLP
relies on a downstream in-frame start codon to generate a
peptide of either 63 or 60 amino acids, which fully overlaps the
amino-acid sequence of IfTSLP in the C-terminal region (6).
sfTSLP, the main isoform in the steady state, demonstrates
protective and antimicrobial activity (3). In contrast, IfTSLP
overexpression can promote the process of inflammation.
Concerted research has been performed to explore the expres-
sion and related biological functions of these two isoforms in
diseases (3,4,6).

Early-life viral respiratory tract infections can increase
the risk of recurrent wheezing and asthma (7-9). Respiratory
syncytial virus (RSV) is a major causative agent of lower
respiratory infections in the pediatric population, especially
in infants (10). RSV infection triggers type 2 helper T cell
(Th2) immune response characterized by IL-4, IL-5 and IL-13
production. The resultant excessive mucus in the respira-
tory tract enhances the pulmonary inflammatory response,
subsequently leading to asthma (1,2,11). TSLP produced by
epithelial cells in RSV infection can create a permissive envi-
ronment for the differentiation of dendritic cells, T cells and
congenital lymphocytes and the subsequent production of the
Th2-type cytokines (2,12). Current research is more focused
on IfTSLP, rarely on sfTSLP (2,12,13).

Activating protein 2 (AP-2)a, a transcription-suppressor,
may reduce TSLP transcriptional activity. Rs2289276, a
single-nucleotide polymorphism (SNP) located in 5' untrans-
lated region of sfTSLP and the intron 2 of IfTSLP, potentially
changes the affinity of AP-2a between two alleles. The allele
containing AP-2a binding site acts in a protective manner (13).
This means that AP-2a may participate in the transcriptional
regulation of TSLP in a non-inflammatory state.

The present study aimed to determine the role of sfTSLP
in RSV infection, the association between the two isoforms
of TSLP and the potential transcriptional mechanisms. The
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results identified that sSfTSLP can be regulated by AP-2a,
supporting the hypothesis AP-2a deficiency in bronchial
epithelial cells might promote sfTSLP and If TSLP expression
in RSV infection.

Materials and methods

Cell lines. African green monkey kidney epithelial cells
(Vero), human bronchial epithelium cells (Beas-2B) and HeLa
cells were provided by the American Type Culture Collection.
Cells were maintained in Dulbecco's modified Eagle's medium
(Nanjing KeyGen Biotech Co., Ltd.), containing 80 U/ml
penicillin and 0.08 mg/ml streptomycin, supplemented with
10% heat-inactivated fetal bovine serum (FBS, Gibco; Thermo
Fisher Scientific, Inc.) at 37°C and in a humidified atmosphere
of 5% CO,.

Reagents. Rabbit anti-GAPDH antibody (cat. no. ab181602),
rabbit anti-transcription factor AP-2a (cat. no. ab52222) and
rabbit anti-TSLP antibody (cat. no. ab47943) were purchased
from Abcam. ProteinTech Group, Inc. provided the goat
anti-rabbit IgG (cat. no. SAO0001-2).

RSV preparation and experimental infection. Human RSV
type A (strain A2) was kept in the laboratory of the Department
of Pediatrics, The First Affiliated Hospital, Nanjing Medical
University and had been used in previous studies (14). As
previously described, the virus was expanded in DMEM
containing 2% FBS in Vero cells. When the cytopathic effect
reached 80%, the infected cells were frozen-thawed in the
medium. The RSV was purified by centrifugation (850 x g,
10 min, 4°C) and then stored at -80°C for further investigation.
The viral titer was determined by 50% tissue culture infec-
tive dose in the Reed-Muench method (15) and was expressed
as multiplicities of infection (MOI). The Beas-2B cells were
cultured in DMEM mixed with 2% FBS for 24 h and then
infected with RSV for 48 h before harvest and assay.

AP-2a overexpression and small interfering (si)RNA
knockdown. Cells (1x10°) were seeded in 12-well plates
overnight for transfection. Following the manufacturer's
protocol, transfection was carried out in Beas-2B cells using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.). The AP-2a expression plasmid was supplied by Thermo
Fisher Scientific, Inc., and the pcDNA3.1-basic vector was
used as a control. The customized siRNA was synthesized
by Guangzhou RiboBio Co., Ltd., with a target sequence of
GAGGAAGATCTTTAAGAGA. The controlled siRNA was
also synthesized by Guangzhou RiboBio Co., Ltd., with a
target sequence of CGUAAACGGCCACAAGUUC. The
transfection reaction was carried out in DMEM without FBS.
The expression plasmid (1,000 ng/ml) or siRNA (100 nM)
were transfected into cells. The cell culture medium was
replenished with the extract 16 h after transfection. The cells
were harvested for mRNA analysis 24 h after transfection and
for protein analysis 48 h after transfection.

Reverse transcription-quantitative (RT-q) PCR. Cells (1x10°%)
were seeded in 12-well plates and lysed by TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.) 24 h after transfection. Total
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RNA was extracted and purified according to the manufac-
turer's protocol. The amount and purity of RNA were measured
using a NanoDrop 2000 Spectrophotometer (Thermo Fisher
Scientific, Inc.). RNA (1,000 ng) was reverse-transcribed into
cDNA using the Prime Script RT Master Mix Perfect Real
Time kit (Takara Biotechnology Co., Ltd.). Samples were
measured on a LightCycler 40 II instrument (Roche
Diagnostics) using SYBR Green technology (Takara
Biotechnology Co., Ltd.) for RT-qPCR. The mRNA level was
normalized based on the level of GAPDH mRNA and calcu-
lated into a 2"22“4value (16). DNA amplification was performed
as follows: Initial denaturation at 95°C for 30 sec, followed by
50 cycles of amplification (denaturation at 95°C for 5 sec and
annealing at 60°C for 30 sec). Fluorescence data were collected
during the annealing phase of the amplification. All experi-
ments were repeated at least three times. The primers used
were: AP-2a sense, 5-ATTGACCTA CAGTGCCCAGC-3'
and antisense, 5'"TCCATGAAAATGCT TTGGAA-3'"; sftTSLP
sense, 5'-CCGCCTATGAGCAGC CAC-3' and antisense,
5'-CCTGAGTAGCATTTATCTGAG-3'"; IfTSLP sense,
5'-ACCAGTGGGAAGGGCAACC-3' and antisense,
5-CATTGTTTGGCTGAAGGCTTGT-3'; GAPDH sense,
5'-ATGACATCAAGAAGGTGGTG-3' and antisense,
5'-CATACCAGGAAATGAGCTTG-3.

Western blot assay. Cells were collected on ice 48 h after
transfection and lysed in 200 ul of pre-iced lysis buffer
containing 0.1 mM PMSF (Nanjing KeyGen Biotech Co.,
Ltd.). Total protein was determined using a BCA assay. Protein
samples (40 pg/lane) were loaded onto 10% precast polyacryl-
amide gradient gels (Beyotime Institute of Biotechnology) and
transferred to nitrocellulose membranes (Immobilon; EMD
Millipore) for 150 min. To block non-specific sites, they were
then incubated in TBS-T saline (0.25 M Tris-HCI; pH 7.6,
0.19 M NaCl, 0.1% Tween-20) in 5% dried milk for 2 h at room
temperature. Protein blots were incubated for 12-14 h at 4°C
with primary antibodies against TSLP, AP-2a and GAPDH
(1:2,000; diluted with Primary Antibody Dilution Buffer
purchased from Beyotime Institute of Biotechnology). Then,
membranes were incubated for 1 h at room temperature with
a goat anti-rabbit IgG secondary antibody (1:10,000; diluted
with Secondary Antibody Dilution Buffer purchased from
Beyotime Institute of Biotechnology). Reactive proteins were
visualized by enhanced chemiluminescence (Biosharp Life
Sciences) and densitometry was performed using a Bio-Rad gel
imager and Quantity One 1-D version 4.6 software (Bio-Rad
Laboratories, Inc.).

Bioinformatics prediction and plasmid construction. The
luciferase reporter gene was cloned at MIUI/Xhol sites in the
pGL3-Basic vector. A series of 5'-flanking region of sfTSLP
were inserted to pGL3-Basic as previously (17). JASPAR
(http://jaspar.genereg.net/analysis) (18) was used to predict
the AP-2a transcriptional sites of the promoter 5'-flanking
region. The plasmids containing the core promoter of sfTSLP
(pGL-200/+25) and mutations of the AP-2a binding sites on
the sfTSLP core promoter region were synthesized directly by
TSINGKE Biological Technology Co., Ltd. All the plasmids
were verified by Sanger sequencing (provided by TSINGKE
Biological Technology Co., Ltd.).
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Figure 1. RSV infection upregulates TSLP expression in Beas-2B cells.
(A) Beas-2B cells were cultured for 48 h in the presence of RSV and lysed
in TRIzol®. Following total mRNA extraction, reverse transcription-quan-
titative PCR was performed using specific IfTSLP, sfTSLP and AP-2a
primers. (B) IfTSLP protein released from Beas-2B cells at 48 h of RSV
(MOI=2) treatment was (a) measured by western blotting and (b) quantified.
Representative data from =3 independent experiments performed under
similar conditions. "P<0.05, “P<0.01 vs. the corresponding unstimulated
controls; n.s., not significant; RSV, respiratory syncytial virus; TSLP, thymic
stromal lymphopoietin; If, long isoform; sf, short isoform; AP-2a, activating
protein 2 a; MOI, multiplicity of infection.

Transient transfection and luciferase assay. For character-
izing the reporter cell lines, 1x10* HeLa cells were plated
in 96-well plates overnight before transfection for luciferase
assay. Transfection mixtures were prepared in OptiMEM I
Reduced Serum Medium (Gibco; Thermo Fisher Scientific,
Inc.) using Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). The AP-2a expression plasmid (100 ng)
or siRNA (100 nM) was co-transfected into HeLa cells
together with 100 ng of luciferase reporter plasmids driven
by wild-type or mutated sfTSLP promoter. Then, 4 ng of the
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pRL-TK plasmid (Promega Corporation) was co-transfected
as a control plasmid to maintain the total DNA amount. Cells
were stimulated 24 h after transfection and lysed in 30 ul of
lysis buffer (Promega Corporation). The Dual Reporter Assay
System (Promega Corporation) and TD-20/20 Turner Designs
Luminometer were used for measuring luciferase activity.
Samples were analyzed in triplicate in each experiment and
each experiment was repeated =3 times.

Chromatin immunoprecipitation (ChIP) assay. According
to the manufacturer's instructions, 2 ug of anti-AP-2a,
anti-Histone H3 antibody and control IgG antibody were
analyzed in ChIP assay using the ChIP-IT kit (cat. no. 53008;
Active Motif, Inc.) as described previously (14). The products
were subjected to PCR amplification and further amplified
by RT-qPCR with the following promoter-specific primers:
sense, 5-GGGAACGTTGTTAGGGGCA-3' and antisense,
5'-GGGGAACACAAGTCGAGAGT-3". PCR products were
resolved on a 2% agarose gel together with 100 bp DNA ladder
(Takara Biotechnology Co., Ltd.). Input DNA samples from
the sonicated nuclear lysates and DNA samples immunopre-
cipitated with antibodies against IgG were used as positive or
negative controls. All experiments were repeated three times.

Statistical analysis. Results are expressed as the mean + stan-
dard deviation of the mean. Student's t-test and Welch's
ANOVA with a Tamhane post hoc test were performed using
SPSS 22.0 (IBM Corp.) and GraphPad Prism 7 (GraphPad
Software, Inc.). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

RSV infection increases TSLP expression and decreases
AP-2a expression in Beas-2B cells. The present study first
examined the effect of RSV infection on If TSLP mRNA
expression, finding that the mRNA and protein levels of
IfTSLP were significantly increased in Beas-2B cells following
RSV infection for 48 h (Fig. 1). Compared with the uninfected
controls, a 16-fold increase in IfTSLP mRNA expression and
a 3-fold increase in sfTSLP mRNA expression were detected
in RSV-treated cells (MOI=2) for 48 h (Fig. 1A). It was also
revealed that the level of AP-20 mRNA expression was
decreased by 62% (Fig. 1A). Western blotting also confirmed
that If TSLP expression was significantly increased after RSV
infection (MOI=2; Fig. 1B).

AP-2a regulates the expression of both [fTSLP and sfTSLP.
The AP-2a overexpression vector and siRNA AP-2a were
transfected into Beas-2B cells to examine the effect of AP-2a
on TSLP expression. The transfection efficacy of the overex-
pression vector was validated at the mRNA (Fig. 2A-c) and
protein level (Fig. 2B-a and b). The transfection efficacy of
the siRNA AP-20 was validated at the mRNA (Fig. 2A-c) and
protein level (Fig. 2C-a and b). Using RT-qPCR, it was found
that the mRNA levels of both If TSLP and sfTSLP were signifi-
cantly decreased with the overexpression of AP-2a (Fig. 2A-a
and b). By contrast, significantly increased mRNA levels of
IfTSLP and sfTSLP were observed in the AP-2a knockdown
cells (Fig. 2A-a and b). Western blotting also confirmed that
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Figure 2. AP-2a siRNA increases and AP-2a overexpression decreases If TSLP and stTSLP mRNA expression in Beas-2B cells. (A) Beas-2B cells were
transfected with AP-2a overexpression plasmid (pcDNA-AP-2a) or siRNA-AP-2a for 24 h. (a) Quantification of IfTSLP mRNA level after transfection.
(b) Quantification of sSfTSLP mRNA level after transfection. (c) Quantification of AP-2a mRNA level after transfection. (Ba) Following transfection with
AP-20 overexpression plasmid (pcDNA-AP-2a) or control plasmid (pcDNA) for 48 h, the levels of If TSLP and AP-2a proteins were detected in Beas-2B cells
by western blotting. (b) Quantification of western blotting. (Ca) Following transfection with AP-20-siRNA or siRNA control for 48 h, the levels of If TSLP and
AP-2a proteins were detected in Beas-2B cells by western blotting. (b) Quantification of western blotting. Each experiment was performed in triplicate and
significant differences were determined with the Student's t-test. “P<0.05, “P<0.01, “"P<0.001, **P<0.0001 vs. the corresponding control. AP-2, activating
protein 2; si, small interfering; If, long isoform; sf, short isoform; TSLP, thymic stromal lymphopoietin.

IfTSLP expression was regulated by AP-2a in the pulmonary
epithelial cells (Fig. 2B and C).

AP-2a regulates sfTSLP transcriptional promoter activity. To
elucidate the specific promoter region responsible for sfTSLP
regulation, JASPAR (http://jaspar.genereg.net/analysis) (18)
was used to predict the AP-2a transcriptional sites of the
promoter 5'-flanking region. Several putative AP-2a binding
sites were identified. A series of 5'-flanking regions of sStTSLP
were inserted to pGL3-Basic as before (Fig. S1A). As shown

in Fig. 3A, the core promoter region of sfTSLP was located
at -200/+25nt as revealed in our previous experiment (17). A
statistically significant decrease (~60%) in luciferase activity
was observed in response to Ap-2a. overexpression.

To further confirm that the binding site at -200/4+25nt
(Fig. 3B) is critical for sfTSLP modulation, site-directed
mutagenesis targeting AP-2a in the context of the core
promoter region was performed (Fig. 3C-a). A 76.5%
decrease in the luciferase activity was observed in wild-type
pGL3-200/+25 when AP-2a was overexpressed (Fig. 3C-c) and
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Figure 3. Effect of AP-2a on sfTSLP promoter-driven luciferase activity. (A) Various 5' deletions of the sfTSLP promoter were cloned in pGL3-Basic and
transiently co-transfected with AP-2a expression plasmid or control plasmid in HeLa cells. The length of each construct is marked. The positions of AP-2a
binding sites are marked by grey squares and the transcription start site by a black triangle. (B) Nucleotide sequence of the core promoter region of sfTSLP.
The putative binding site for AP-2a is marked with a box and the transcription start site by a dot. (C) Luciferase assay. (a) Nucleotide sequence of the putative
binding site for AP-2a and mutations of the AP-2a binding sites. (b) Site-directed mutagenesis of AP-2a were cloned in pGL3-Basic. The plasmids containing
the proximal minimal promoter of sfTSLP (pGL3 -200/+25) and mutations of the AP-2a binding sites on the st TSLP minimal promoter were constructed and
transfected into HeLa cells. (c) The AP-2a expression plasmid or control vector was co-transfected into HeLa cells together with 100 ng of luciferase reporter
plasmid driven by wild-type or mutated (mut) sfTSLP promoter. (d) The siRNA AP-2a or siRNA control was co-transfected into HeLa cells together with
100 ng of luciferase reporter plasmid driven by wild-type or mutated sfTSLP promoter. Student's t-test was performed. ‘P<0.05, “P<0.01, ““P<0.001; n.s.,
not significant. Results are shown as mean + standard deviation of representative data of =3 independent experiments. AP-2a, activating protein 2a; sf, short
isoform; TSLP, thymic stromal lymphopoietin.

a 31.9% increase when AP-2a was knocked down by siRNA
(Fig. 3C-d). By contrast, the mutant plasmid did not alter the
AP-20-mediated TSLP promoter activity. The activity of
reporter genes was significantly reduced (by ~50%) after the
-10/-2 nt AP-2a site mutation, compared with that in wild-type
pGL3 -200/+25 (Fig. 3C-b). Therefore, the imperfect AP-2a
site at -102/-94 nt was mutated (Fig. SIA) and a 50% increase

in luciferase activity in wild-type was observed (Fig. SIB). A
decrease of 25% was observed after both AP-2a binding sites
were mutated (Fig. S1B). The luciferase activity of plasmid
with the mutation of at the two AP-2a sites was significantly
different from that in the mutation of AP-2a site at -102/-94 nt
(P<0.05), but not from that in the mutation of AP-2a site at
-10/-2 nt. This meant that the main binding site was located
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Figure 4. AP-2a binds to the AP-2a motif of the human sfTSLP promoter
in vivo. (A) The chromatin fragments were PCR-amplified using primers spe-
cific to the proximal AP-2a binding site of the sSfTSLP promoter and resolved
on an agarose gel. Input DNA was used as a positive control and no-specific
rabbit IgG as a negative control during PCR. M, 100-bp DNA ladder; a, posi-
tive control; b, negative control and c, anti-AP-2a. (B) Chromatin fragments
were quantified by reverse transcription-quantitative PCR. Data are expressed
as the fold change in relative expression of antibodies to normal IgG controls.
Representative data of 3 experiments. "P<0.05. AP-2a, activating protein 2a;
sf, short isoform; TSLP, thymic stromal lymphopoietin.

at -10/-2 nt. These results pointed to the important function of
AP-2a site at -200/+25 nt in sSfTSLP expression.

AP-2a directly binds to the sfTSLP promoter in vivo. ChIP
assays were performed in Beas-2B cells to determine whether
AP-20 could directly or indirectly regulate sfTSLP expression
in vivo. The ultrasonic extract of Beas-2B cells cross-linked
with formaldehyde was immunoprecipitated with the
anti-AP-2a antibody. PCR was performed based on the relevant
chromatin DNA fragments, using primers flanking the AP-2a
binding site in the core promoter region. The reactions with
anti-histone H3 antibodies were used as positive controls, while
those of anti-IgG were used as negative controls. As shown in
Fig. 4A, the anti-AP-2a antibody was more abundant in the
Beas-2B cells than in the AP-2a promoter precipitated by the
IgG antibody. The DNA fragments were further quantified by
RT-gPCR (Fig. 4B). In conclusion, the present study suggested
that AP-2a could directly bind to the core promoter region of
sfTSLP.

Discussion

It has been reported that stTSLP/IfTSLP ratio changes in
certain diseases, such as gut disorders, atopic dermatitis and
skin keratosis exposed to inflammatory stimuli (6,19). In viral
respiratory infections, the aberrant expression of long isoform
thymic stromal lymphopoietin (IfTSLP) triggers Th2 over-
reaction and pathological exacerbation, eventually resulting in
asthma (20,21), while the role of short isoform TSLP (sfTSLP)
in airway epithelial cells attacked by respiratory viruses is
still unclear. Previous research has demonstrated that sfTSLP
is almost uninduced by proinflammatory cytokines, such
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as poly(I:C), lipopolysaccharide, or macrophage-activating
lipopeptide 2 (6) and appears to be downregulated in inflam-
mation (22). However, the expression of sfTSLP mRNA
increases in bronchial epithelial cell lines challenged with
human pneumovirus (23). To elucidate the underlying mecha-
nism, the present study explored the differential expression of
IfTSLP and sfTSLP in RSV infection. It has been confirmed
that If TSLP is secreted by RSV-attached airway epithelial
cells (13,24), but the role of sfTSLP has been rarely reported.
The present study detected the expression profiles of both
isoforms in Beas-2B cells following RSV infection. Polyclonal
antibodies, with a previously verified feasibility, were used to
detect the protein level of IfTSLP (6,19,22). Consistent with
the findings of previous studies (20,21), If TSLP showed a
significant increase at the mRNA and protein levels. As the
sfTSLP protein sequence overlaps the IfTSLP sequence in
the C-terminal region, it was not possible to distinguish the
expression of sfTSLP at the protein level, but a significant
increase was observed at the mRNA level.

The present study further investigated the potential tran-
scriptional pathways mediating RSV-induced TSLP expression
in Beas-2B cells. It has been reported that pro-inflammatory
cytokines can induce IfTSLP by a transcriptional mechanism
regulated by nuclear factor (NF)-xB and transcription factor
AP-1 (25-27). However, stTSLP is not sensitive to proinflam-
matory cytokines (6,28), meaning that the activation of NF-xB
and AP-1 is critical for inflammation-induced expression of
IfTSLP, but not sfTSLP.

AP-2a is a transcription factor that regulates the prolifera-
tion and differentiation of mammalian cells (29). It has been
reported that AP-2a can upregulate Toll-like receptor 2 (TLR?2)
gene expression, and expression of If TSLP is induced through
the TLR2-TLR6 pathway in human monocyte cell lines (30,31).
It has also been reported that the reduced AP-2a protein binds
to TSLP promoter polymorphism reference SNP rs2289276
site to increase a child's susceptibility to atopic asthma (13).
However, no functional studies have been carried out. In the
present study, limited AP-2a expression was observed in
RSV-infected Beas-2B cells. It was first hypothesized that the
increase in sfTSLP expression was caused by a decrease in
AP-2a expression, since sfTSLP cannot be induced by NF-«B
and AP-1. Further experiments showed that the overexpres-
sion of AP-2a reduced the promoter activity, mRNA levels of
sfTSLP and the mRNA and protein levels of IfTSLP, while
inhibition of AP-2a expression increased sfTSLP and IfTSLP
expression. Transcriptional activation on 5' deletion of the
human IfTSLP promoter has been studied in airway epithe-
lial cells (27). Harada et al (13) showed that AP-2a directly
binds to the promoter of IfTSLP and may act as a transcrip-
tion-suppressing factor. However, no studies, to the best of the
authors' knowledge, have investigated the association between
AP-2a and sfTSLP transcriptional promoter activity. In the
present study, AP-2a was identified as an important regulator
in sfTSLP expression in Beas-2B cells and the AP-2a binding
site in the core promoter region of sfTSLP was shown to be
critical for sfTSLP modulation. Notably, the mutation of the
imperfect binding site increased the luciferase activity of
sfTSLP core promoter, but the mutation of the main AP-2a site
located at -10/-2nt significantly reduced the luciferase activity
(P<0.05). This meant that the activity of reporter genes was
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weakened, instead of increased (as expected), following the
mutation of the main AP-2a site. Adjacent to the transcription
initiation site, AP-2a. may compete to inhibit certain positive or
general transcription factors (32), including general transcrip-
tion factor IIB (33) and influence the formation of pre-initiation
complex. These observations indicate that AP-2a. is a transcrip-
tion-suppressing factor of both IfTSLP and sfTSLP.

SfTSLP is a homeostatic and anti-inflammatory isoform
expressed in steady-state. By contrast, If TSLP is pro-inflamma-
tory and only expressed during inflammatory processes (6,19).
LfTSLP-induced inflammation can be partially reversed by
sfTSLP, especially in HDM-induced asthmatic airway epithe-
lial cells (34). SETTSLP can condition both mature dendritic cells
and monocyte-derived dendritic cells and limit their inflam-
matory potential on monocyte-derived dendritic cells (19). The
reduction of interferon (IFN) A is also associated with sfTSLP.
IFN A is also anti-inflammatory in that it enhances adaptive
mucosal immunity by promoting the release of TSLP (35). The
increase of sfTSLP in RSV infection could counter inflam-
mation, especially IfTSLP-induced inflammation. However,
the interaction between sfTSLP and IfTSLP in RSV infection
should be confirmed by further functional studies.

In the present study, higher TSLP production appeared with
the reduction of AP-2a in bronchial epithelial cells undergoing
viral respiratory infections. It has been demonstrated that
IfTSLP is increased in RSV infection (19-21). To the best of
the authors' knowledge, this is the first study to investigate the
expression of sfTSLP in RSV infection in bronchial epithelial
cells. Previous studies have mentioned the possible associa-
tion between IfTSLP and AP-2a: AP-2a binds to the IfTSLP
promoter and this binding is inhibited in inflammation to exert
a protective effect (13,27). However, this is a conjecture that has
not been verified by experiments. The present study showed
that AP-2a regulated IfTSLP expression at both mRNA and
protein levels. The present study also showed that AP-2a
regulated sfTSLP expression and that AP-2a directly bound to
sfTSLP promoter. It also identified the transcription of sfTSLP
in bronchial epithelial cells and the association between sfTSLP
and AP-2a. Further studies should be performed to uncover the
molecular mechanisms by which sfTSLP expression regulates
RSV infection, cellular function and disease pathophysiology.
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