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Variable p-CREB expression depicts different

Background: Chromatin modification may play a role in inflammatory gene
regulation in asthma. Cyclic adenosine mono-phosphate response element-
binding protein (CREB), with the specific co-activator, the CREB-binding
protein (CBP), contributes to the acetylation of chromatin and to the tran-
scription of pro-inflammatory genes.

Objectives: To evaluate the expression of CBP and of phospho-CREB (p-CREB)
in bronchial biopsies and in peripheral blood mononuclear cells (PBMC) of
controls (C), untreated (UA), inhaled steroid treated (ICS) and steroid-
dependent asthmatic (SDA) patients.

Methods: We used immunohistochemistry in bronchial biopsies and western blot
analysis and immunocytochemistry in PBMC.

Results: Cyclic adenosine mono-phosphate response element-binding protein
expression, in the epithelium was similar in all groups, while p-CREB expression
was increased in UA and in SDA in comparison with ICS and C subjects (C vs
UA P = 0.002, C vs SDA P = 0.007), (ICS vs SDA P = 0.005), (ICS vs UA
P = 0.001). Interestingly, also in the submucosa, p-CREB was increased in UA
and SDA in comparison with ICS and C subjects (C vs UA P = 0.0004) (C vs
SDA P < 0.0001) (ICS vs UA P = 0.002) (ICS vs SDA P < 0.0001) and
positively correlated with leukocyte infiltration within the bronchi (CD45RB+
cells). Similar results were obtained with PBMC isolated from the same patient
groups. Incubation of PBMC in vitro, with fluticasone propionate, decreased the
p-CREB expression induced by cytokine activation (interferon-y, tumor necrosis
factor-o).

Conclusions: This study demonstrates that the expression of p-CREB is related,
in asthma, to the persistent inflammation according to the disease severity.
p-CREB expression can be modulated by glucocorticoids in responsive patients.
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Introduction

Asthma is a chronic inflammatory disease characterized
by increased expression of multiple inflammatory genes.
Chromatin modification plays a critical role in the
regulation of these genes. Acetylation of histones by
acetyltransferases (HATSs) is associated with increased
gene transcription. Among these mechanisms, the
activity and the availability of HAT is important
because it is able, via the histone acetylation, to
switch-on pro-inflammatory genes (1, 2). This effect is
achieved via the interaction of specific transcription
factors, including the nuclear factor kB (NFkB) (3) and
the cyclic adenosine mono-phosphate response element-
binding protein (CREB), with the specific co-activator,
the CREB-binding protein (CBP) (4). This interaction
leads, in turn, to the acetylation of chromatin and
to the consequent transcription of pro-inflammatory
genes (5).

The use of inhaled glucocorticoids represents the
cornerstone treatment for asthma because of their
broad range of anti-inflammatory activities and to the
good safety profile. At the nuclear level, the complex
glucocorticoids bound to its receptor (GR) increases the
transcription of anti-inflammatory genes by interacting
with co-activator molecules, including CBP (3, 6) and
thus switching-on histone acetylation and gene tran-
scription of anti-inflammatory genes (1). Moreover, the
steroid-GR complex exerts its anti-inflammatory action
by down-regulating NFkB (3), leading, in turn, to a
reduced acetylation and transcription of pro-inflam-
matory genes (7). In this scenario, it is not clear
whether the phosphorylation of CREB is affected by
steroids.

Most of the patients treated with this method have seen
their asthma controlled. A subset of patients remained
uncontrolled despite the increase in the use of various
drugs, including high doses of inhaled glucocorticoids,
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long-acting B2 agonists and a continuous dose of oral
glucocorticoids. These severe patients have persistent
ongoing local and systemic inflammation with an attenu-
ated response to the current anti-inflammatory treatment
with steroids (8).

Although the bronchial epithelium is considered the
typical target of glucocorticoids in asthma (9), it is also
known that this disease involves other districts, including
the bronchial submucosa and that the effects of glucocor-
ticoids are also exerted at this level (10, 11). Moreover, it
has been also demonstrated that asthma can be considered
as a ‘systemic’ disease and, accordingly, it is characterized
by a persistent peripheral T-cell activation (10).

We aimed to examine in the present study the persist-
ence of pro-inflammatory factors, such as phospho-
CREB (p-CREB), as the key feature in asthma and its
variability in the epithelium, in infiltrating bronchial
leukocytes and in peripheral blood. The potential for
glucocorticoids to modulate this expression, in different
clinical and in vitro situations, was then considered.

Materials and methods
Study population

Thirty-one asthmatic subjects were selected according to the
American Thoracic Society’s criteria, as previously described (12).
The clinical severity of asthma was assessed by the Global Initiative
for Asthma guidelines (8). Subjects were divided into three groups
according to the treatment. We assessed the airway hyper-respon-
siveness by methacholine challenge in mild asthmatics with a forced
expiratory volumein 1 s >70% of predicted values and not in severe
asthmatics for safety reasons following the European Respiratory
Society (ERS) Guidelines. A positive methacholine challenge
<16 mg/ml (PC20) was shown in the tested patients. The first
group included 11 untreated asthmatics (UA) with mild intermittent
asthma who received inhaled short-acting Pf2-agonists, as needed.
The second group included nine inhaled steroid treated asthmatics
(ICS) with severe asthma who required to be controlled daily with a
high dose of inhaled corticosteroids (3000 pg of beclomethasone
dipropionate equivalent), long-acting P2-agonists (100 pg salme-
terol), and inhaled short-acting B2-agonists, as required. The third
group of 11 cortico-steroid-dependent asthmatics (SDA) was
defined, as previously described (13). These subjects had severe
persistent asthma that required a daily dose of ICS (3000 pug of
beclomethasone dipropionate equivalent) and an oral dose of
prednisone, long-acting P2-agonists (100 pg salmeterol), and
inhaled short-acting B2-agonists as required. Nine healthy subjects
were included as controls. All patients were nonsmokers. Subjects
who had any bronchial or respiratory tract infection during the
month preceding the test, were excluded from the study.

This study was approved by our ethics committee and the patients
did sign a written consent.

Enumeration of CBP+, p-CREB+, and CD45RB+ cells in bronchial
biopsies

Four-to-six bronchial biopsies were recovered, fixed and processed
for immunohistochemistry, as previously described (13, 14). Speci-
mens were incubated with the following antibodies: a rabbit
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polyclonal anti-CBP-NT (15) (Upstate Biotechnology, Lake Placid,
NY, USA). (1 : 40 dilution, 1 h, room temperature), a rabbit poly-
clonal anti-p-CREB (Upstate Biotechnology) (heat pretreatment at
92°C; 1 :40 dilution; overnight incubation) (16) and a mouse
monoclonal antibody anti-human CD 45RB, Clone PD7/26 diluted
1:50 (1 h, room temperature) with a pretreatment (trypsin 0.1%,
37°C, 10 min) (17).

The reaction was revealed by using the avidin—biotin technique
(AP-LSAB2 KIT DAKO, Glostrup, Denmark). Control slides were
made by using an antibody diluent (DAKO) and irrelevant rabbit or
mouse antibodies (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) of the same isotype and at the same concentration of the
primary antibodies. The cell nuclei were stained for 1 min with
hematoxylin (DAKO).

The immunoreactivity of each studied marker in the submucosa
and in the epithelium was evaluated blindly by two independent
investigators (GC and AB). Slides were evaluated using a Leica
(Wetzlar, Germany) microscope x400 magnification. In the sub-
mucosa, the number of positive cells per mm? was evaluated, as
previously described (13, 14). p-CREB and CD45RB immunore-
activity was evaluated in serial sections and in the same region of the
biopsy of the same patients. In the epithelium, positive cells were
evaluated per area over a minimum length of 260 mm from the
internal side of the epithelium (18). The Image was then subse-
quently analyzed using a Quantimet 500 MC software (Leica) for
image analysis. The results are expressed as the medians and 25-75
percentiles of the total measurements (at least four measurements
were performed to calculate averages).

Western blot analysis of p-CREB expression in PBMCs

Peripheral blood mononuclear cells (PBMC) cells from C, UA, ICS,
and SDA subjects were freshly isolated by the Ficoll-Hypaque
gradient and the western blot analysis for p-CREB was performed
as previously described (19). Five micrograms of total protein were
loaded in the gel. All blots were first probed using a rabbit poly-
clonal anti-pCREB (Upstate Biotechnology) diluted 1 : 100 and,
after stripping procedures, were probed using an anti-CREB (Up-
state Biotechnology) to detect total amounts of the same protein.
Revelation was performed with an enhanced chemioluminescence
system (NEN, Boston, MA, USA) followed by autoradiography
(19). Lysates of mouse 3T3 cells treated with forskolin formulated in
phosphate buffer saline/bovine serum albumin (BSA) were used as
positive controls (data not shown). Negative controls were per-
formed in the absence of primary antibody or including an isotype
control antibody (data not shown). Data were expressed as the ratio
of the band intensity of the phosphorylated protein versus the band
intensity of the total protein. Beta-actin (Sigma) was used as the
housekeeping protein to normalize differences in protein loading.

Enumeration of p-CREB+ in PBMC

Isolated PBMC were evaluated for p-CREB expression by immun-
ocytochemistry using a rabbit polyclonal anti-p-CREB (Upstate
Biotechnology) (1 : 5 dilution; overnight incubation). The reaction
was revealed by using the avidin-biotin technique (AP-LSAB2 KIT
DAKO ). Results were expressed as percentages of positive cells.

Western blot analysis of fluticasone propionate modulation of
p-CREB expression in PBMC stimulated with IFNy and/or TNFo

Freshly isolated PBMC from normal subjects were incubated for
30 min with interferon-y (IFNy) gamma (100 ng/ml) and tumor



necrosis factor-o (TNFa) alpha (10 ng/ml) (20, 21), either alone or
in combination in the presence and absence of fluticasone prop-
ionate (FP) 10~ M. PBMC treated with LPS (100 ng/ml) were used
as positive controls (21). Western blots were performed as above
described (19).

Statistical analysis

Data were analyzed using the Kruskal-Wallis test and Bonferroni
Dunn’s post hoc test. P < 0.05 was considered as statistically
significant. Results are expressed as medians and 25th-75th
percentiles.

Results
Demographic characteristics of the subjects

The demographic characteristics as well as the differences
in airflow obstruction of the four study groups are shown
in Table 1.

Immunoreactivity of p-CREB in bronchial epithelium

We first evaluated the expression of p-CREB in bron-
chial epithelium. The p-CREB immunoreactivity was
significantly increased in UA and in SDA in comparison
with ICS and control subjects (Fig. 1). The immunore-
activity was mainly present in the basal epithelial cells
rather than in columnar epithelial cells and was
concentrated in the nucleus and in the cytoplasma of
the cells. No concentration of p-CREB immunoreactiv-
ity was specifically detected in the areas with epithelial
shedding.

Immunoreactivity of p-CREB in bronchial submucosa

In the submucosa, p-CREB immunoreactivity was
increased in UA and SDA in comparison with ICS and
C subjects (Fig. 2). We did not observe any extracellular
matrix deposit or any immunoreactivity at the level of
smooth muscle and of the vessels when they were present
in the biopsies.

Table 1. Demographic characteristics of the subjects

Glucocorticoids down-regulate p-CREB expression in asthma
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Figure 1. Expression of phospho-cyclic adenosine mono-
phosphate response element-binding protein (p-CREB) in
bronchial epithelium. Sections from control (C) (n = 9),
untreated asthmatic (UA) (n = 11), inhaled steroid treated
(ICS) (n =9), and steroid-dependent asthmatic (SDA)
(n = 11) were prepared as described in Materials and methods.
Results are expressed as number of cells per mm>. Results
are expressed as medians and 25th-75th percentiles. Repre-
sentative images are at 40x magnification. Lower left corner,
representative images at 100x.

Immunoreactivity of CBP in bronchial epithelium and bronchial
submucosa

We then evaluated the expression of CBP in bronchial
epithelium as well as in bronchial submucosa. The
expression of CBP, in the two compartments, was similar
in the four study groups (Table 2).

Asthmatic subjects group

Characteristics C UA ICS SDA

No. of subjects 9 " 9 1

Age (years) 295 (25-34) 21 (20-52) 46 (30-51) 53 (44-61)
Sex (% male) 62 63 46 63

FEV1 (% predicted) 108.5 (103-113.5) 100 (97-111.5) 60 (53.7-66) 50 (40-75.5)
Oral prednisone dose (mg/day) 0 0 0 30 (21.2-37.5)
Allergy (%) 0 81.8 77.7 63.6

Results are expressed in medians; 25th—75th percentile values are shown in parenthesis. C, normal; UA, untreated asthma; ICS, inhaled corticosteroids; SDA, oral

corticosteroids dependent; FEV1, forced expiratory volume in 1 s.
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Figure 2. Expression of phospho-cyclic adenosine mono-
phosphate response element-binding protein (p-CREB) in
bronchial submucosa. Sections from control (C) (n = 9),
untreated asthmatic (UA) (n = 11), inhaled steroid treated
(ICS) (n = 9), and steroid-dependent asthmatic (SDA)
(n = 11) were prepared as described in Materials and methods.
Results are expressed as number of cells per mm?. Results are
expressed as medians and 25th—75th percentiles. Representative
images are at 40x magnification. Lower left corner, representa-
tive images at 100x.

Correlation of p-CREB and CD45RB positive cells in bronchial
submucosa

We found a positive correlation between p-CREB
expression and the number of CD45RB positive cells in
the submucosa in all the study groups (Fig. 3).

Expression of p-CREB in PBMCs

The expression of p-CREB was evaluated by western blot
analysis and by immunocytochemistry in PBMC. The
expression of p-CREB and the p-CREB/CREB ratio was
higher in SDA and UA when compared with ICS and C
(Fig. 4).
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Figure 3. Correlation between phospho-cyclic adenosine mono-
phosphate response element-binding protein (p-CREB) and
CD45RB in bronchial submucosa of all studied subjects.
Statistical analysis by Spearman rank correlation test.

Inhibition by fluticasone of IFNy and TNFa induced expression of
p-CREB in normal PBMC

Interferon-y and TNFa, either alone or in combination,
were able to significantly increase the p-CREB/CREB
ratio in normal PBMC, while the addition of FP 107/ M
to the PBMC stimulated with the two pro-inflammatory
molecules, either alone or in combination, was able to
partially, but significantly, down-regulate the induced
increase of p-CREB/CREB ratio (Fig. 5).

Discussion

Bronchial inflammation is the central feature of asthma,
and is characterized by the recruitment and the activation
of inflammatory cells within the airways. Here, we
demonstrate that the expression of p-CREB, but not of
CBP, is increased in the epithelium and in the submucosa
of UA and SDA and correlates with the leukocyte
infiltration of the submucosa. The increased p-CREB
expression and increased p-CREB/CREB ratio were also
present in PBMC from the same subjects indicating a
systemic activation in asthma. Moreover, pro-inflamma-
tory mediators involved in the pathogenesis of bronchial
asthma, such as IFNy and TNFa, were able to increase
the p-CREB/CREB ratio and FP, a drug widely used in

Table 2. Cyclic adenosine mono-phosphate response element-binding protein expression in bronchial epithelium and in submucosa

Asthmatic subjects P-value P-value P-value P-value P-value P-value
group C UA ICS SDA CwUA CvsSDA CuwvsICS ICSvsSDA  ICSwvsUA  SDA vs UA
Epithelium 0.3 (0-2.3) 0.4 (0.2-2) 0.2 (0-0.4) 04 (0.2-05) NS NS NS NS NS NS
Submucosa 0.2(0.10.3)  05(0.25-0.6)  4.5(0-10) 0.5(0.3-3.2) NS NS NS NS NS NS

Results in medians and 25-75 percentiles. Statistical analysis by Kruskal-Wallis test and Bonferoni-Dunn’s post hoc analysis. C, normal; UA, untreated asthma; ICS, inhaled

corticosteroids; SDA, oral corticosteroids dependent; NS, not significant.
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Figure 4. Expression of phospho-cyclic adenosine mono-phosphate response element-binding protein (p-CREB) in peripheral blood
mononuclear cells (PBMC). PBMC were isolated from control (C) (n = 5), untreated asthmatic (UA) (» = 5), inhaled steroid treated
(ICS) (n = 5), and steroid-dependent asthmatic (SDA) (n = 5) subjects and cells and protein extracts were analyzed for p-CREB
expression by immunocytochemistry and by western blot analysis, respectively. (A) Representative western blot analysis of p-CREB in
C, in UA, in ICS, and in SDA. The same blots were probed with monoclonal antibodies directed against p-CREB, CREB, and against
B-actin. (B) Signals corresponding to p-CREB and CREB on the various western blots were semi-quantified by densitometric scanning,
normalized for B-actin and results were expressed as p-CREB/CREB ratio; *P < 0.05. (C) Expression of p-CREB by immunocyt-
ochemistry. Results were expressed as percentage of positive cells. Representative images (20x) of p-CREB expression in PBMC of C,
UA, ICS, and SDA. Lower left corner, Magnification 100x of the cells.

the therapy of this disease, were able to revert this
phenomenon in vitro.

It has been demonstrated that the complex and highly
dynamic interactions between the bronchial epithelium
and the submucosa and the consequent release of pro-
inflammatory mediators are events crucially involved in
the asthma pathogenesis (13, 14). The increased synthesis
of pro-inflammatory mediators is the result of complex
molecular mechanisms, whereby inflammatory genes are
switched on by transcription factors and histone acety-
lation events. When pro-inflammatory transcription fac-
tors, including CREB, are activated via phosphorylation
events, they bind specific DNA recognition sequences and
interact with large co-activator molecules such as CBP.
These co-activator molecules, having an intrinsic acetyl
transferase activity, acetylate and open the chromatin
structure, thus allowing inflammatory gene transcription
(22). We evaluated the expression of CBP and, accord-
ingly to a previous report (23), we showed that there is no
difference in the expression of CBP among the four study
groups. Conversely, we demonstrated that the p-CREB

expression was increased in the bronchial epithelium and
in the submucosa of UA and SDA supporting the concept
that this molecule was involved in the transcription of
pro-inflammatory genes in bronchial asthma. In severe
uncontrolled patients, the persistent inflammation is the
hallmark of the decreased response to glucocorticoids.

The fact that this increase is not detected in the
epithelium and in the submucosa of ICS suggests that,
during efficient glucocorticoid treatment, the known
down-regulation of the release of pro-inflammatory
mediators might be, at least in part, related to the effects
of glucocorticoids on the p-CREB expression.

Fragility and activation of bronchial epithelium are
characteristics of asthma which are accompanied by a
significant increase in apoptotic cells in asthmatic bron-
chial epithelium (24). The p-CREB is an important
regulator of apoptosis in oxidant-mediated responses of
lung epithelial cells as the reduction of p-CREB activity
in epithelial cells exposed to H,O, leads to a decrease in
cell apoptosis together with enhanced bc/-2 transcription
(25). This concept is further supported by the finding that
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Figure 5. Effect of interferon-y (IFNYy), tumor necrosis factor-o
(TNFa) and fluticasone propionate on the expression of phos-
pho-cyclic adenosine mono-phosphate response element-bind-
ing protein (p-CREB). Peripheral blood mononuclear cells
(PBMC) isolated from normal donors (n = 3) were incubated
with IFNy (100 ng/ml) and with TNFa (10 ng/ml) for 30’alone
and in combination and in the absence and in the presence of
fluticasone propionate 1077 M. Protein extracts were analyzed
for p-CREB, CREB, and -actin expression by western blot
analysis in the same blot as above mentioned. (A) Representa-
tive western blot analysis. Lane 1, baseline; lane 2, IFNy
(100 ng/ml); lane3, IFNy (100 ng/ml) + FP 1077 M; lane 4,
TNFa (10 ng/ml); lane 5, TNFa (10 ng/ml) + FP10™ M; lane
6, IFNy (100 ng/ml) + TNFoa (10 ng/ml); lane 7, IFNy
(100 ng/ml) + TNFo (10 ng/ml) + FP10~' M. (B) Signals
corresponding to p-CREB and CREB on the various western
blots were semi-quantified by densitometric scanning, normal-
ized for B-actin and results were expressed as p-CREB/CREB
ratio. *P < 0.05 vs baseline. **P < 0.05 vs the corresponding
condition without fluticasone propionate (FP).

the expression of p-CREB was still present in SDA
patients, characterized by a higher extent of airway
inflammation and of epithelial cell abnormalities (13).
It is known that these subjects, despite the treatment,
have limited clinical and functional outcomes with a
concurrent overproduction of inflammatory mediators
(26). The findings that the SDA showed an increased
expression of p-CREB both in the epithelium and in the
submucosa as well as an increased CD45RB positive cell
infiltration of the submucosa, demonstrate that the
severity of asthma is related to the persistence of the
pro-inflammatory phenotype despite the use of steroid
therapy. Additional mechanisms may account for the
permanence of an inflammatory status in bronchial
airways of SDA. In this context, we previously demon-
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strated that in bronchial epithelium (14) and in PBMC of
SDA there was a higher expression of NFkB which might
enhance the inflammatory milieu and in turn the severity
of the disease in this group of patients (27). The lack of
endogeneous anti-inflammatory mediator release, such as
lipoxins, involved in the resolution of inflammation
represents an alternative potential mechanism for this
lack of control of inflammation (28).

Our findings demonstrating that p-CREB expression
was increased in the submucosa and positively correlated
with the number of CD45RB positive cells and the known
concept that SDA patients are characterized by a persist-
ent peripheral T-cell activation (29), prompted us to
evaluate the expression of p-CREB and the p-CREB/
CREB ratio CREB in PBMC. We demonstrated in PBMC
also that, the p-CREB expression and the p-CREB/CREB
ratio were increased in UA and in SDA, further confirm-
ing the involvement of this molecule in the pathogenesis of
this disease and supporting the concept of a ‘systemic’
involvement in bronchial asthma. This finding underlines
that patients, receiving high dosage of inhaled glucocor-
ticoids and being controlled by the treatment, may have
some positive systemic effects from the treatment as
demonstrated by the down-regulation of their p-CREB in
PBMC. Although the activation of beta adrenergic
receptors in vitro increases the binding of CREB to
DNA, this phenomenon was not observed in an in vivo
study on asthmatic patients (30). Accordingly, we estab-
lished that ICS patients, regularly treated with B2 agon-
ists, exhibited a decreased p-CREB expression, suggesting
that the effect of glucocorticoids on p-CREB is prevalent
on the effect exerted by B2 agonists. The finding that UA
patients, not regularly treated with B2 agonists, also
exhibit p-CREB up-regulation, further supports the con-
cept that the altered expression of p-CREB is linked to the
inflammatory status, rather than to the activation of beta
adrenergic receptors. In addition, it is possible to argue
that the differences in the age of recruited patients
probably did not influence the observed differences in
p-CREB, as no studies specifically demonstrated an effect
of age on the expression of p-CREB and as ICS and SDA
or control and UA subjects in our study, not considerably
different in age, differ in p-CREB expression.

For further insight into these mechanisms, we evalu-
ated whether IFNy and TNFa increased p-CREB
expression and whether FP exerted a role in controlling
this activation. In this set of experiments, we used normal
PBMC to avoid any possible effects played by the above
demonstrated status of activation of the CREB pathway
in these cells from asthmatics and by the above demon-
strated effects of the steroid therapy on this pathway. The
findings that both IFNy and TNFa, either alone or in
combination, were able to significantly increase the
expression of p-CREB, further underline the link between
inflammation and this specific pathway. In this regard, it
was previously demonstrated that exogenous IFNy
stimulates CREB phosphorylation and CREB-DNA



binding (21). This cytokine promotes immunity and
modulates cell viability, in part by promoting alterations
of cellular gene expression. The mechanisms by which
TNF communicates with the nucleus and alters gene
expression are not completely understood. In endothelial
cells (human umbilical vein endothelial cells [HUVEC]),
TNFa induces phosphorylation of the CREB transcrip-
tion factor on serine 133 and increases CREB-DNA
binding and transactivation (31). Dominant negative
CREB, an antagonist antibody directed against the type
1 TNF receptor, or pharmacological inhibition of p38
mitogen activated protein kinases (MAPK) signaling
blocked TNF-induced CREB activation as determined
by phosphorylation and gene reporter assays (32). Here,
we demonstrated the ability of FP to down-regulate,
in vitro, the expression of p-CREB induced by both IFNy
and TNFa. Glucocorticoids have potent anti-inflamma-
tory effects (33) and may inhibit pro-inflammatory gene
products related to p-CREB activation in multiple ways.
Activated GR monomers may bind either directly or
indirectly with the transcription factor, preventing its
ability to switch on inflammatory gene expression. The
GR, as dimer, may bind to the GRE that overlaps the
DNA-binding site for p-CREB or the start site of
transcription, thus blocking gene expression or can
impair the activity of MAPK, which, in turn, should
reduce the phosphorylation of CREB, thus reducing its
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DNA binding (34). In this regard, it was recently
demonstrated that FP was able to reduce the expression
of p-CREB and the DNA binding in fibroblasts stimu-
lated in vitro with nicotine (35). Activated GRs may also
down-regulate pro-inflammatory gene expression by
binding to co-activators, including CBP, directly inhibit-
ing their HAT activity or by down-regulating their
expression (3, 6).

In conclusion, this study shows that in the bronchial
epithelium, in the bronchial submucosa and in PBMC,
the transcriptional factor p-CREB significantly increased
in patients with bronchial asthma and its expression
correlated with the inflammatory status. The anti-inflam-
matory effects of glucocorticoids are, at least partly,
exerted by interfering with this pathway. Accordingly,
p-CREB expression may be considered as the hallmark of
inflammation in bronchial asthma.
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