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      Asthma is the most common infl ammatory disease, 
and its prevalence is increasing throughout the 

world. Although corticosteroids are the most effec-
tive antiinfl ammatory agents for the treatment of 
asthma,  1   adult patients with asthma who currently 
smoke have relative steroid resistance.  2   Furthermore, 
their asthma becomes more severe and their lung 
function decreases more rapidly compared with non-
smoking patients with asthma.  3,4   Passive smoking (PS) 
also wors ens asthma symptoms and causes poor asthma 
control in both adults and children.  5,6   Exposure to 
parental smoking is related to exacerbation of asthma 

symptoms in children and can be a risk factor for the 
persistence of asthma in later childhood.  5   However, 
the molecular mechanisms of the effects of PS expo-
sure in childhood are currently unknown. 

 There are several possible mechanisms for cortico-
steroid resistance in asthma, including overexpression 
of proinfl ammatory transcription factors, phosphory-
lation of glucocorticoid receptors, and increases in the 
decoy glucocorticoid receptor- b .  7   Histone deacety-
lase (HDAC)-2 (HDAC2) has been shown to be a pre-
requisite molecule for corticosteroids to switch off 
activated infl ammatory genes. Oxidative stress, such 
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Thoracic Society criteria, and the severity was defi ned based on 
GINA (Global Initiative for Asthma) criteria. All had undergone a 
detailed evaluation to exclude as far as possible reversible factors 
such as poor adherence to therapy.  19   Subjects were classifi ed into 
two groups (non-PS and PS). Exposure to PS was assessed on the 
basis of information reported by parents concerning their smoking 
habits. Cotinine levels in saliva or urine were measured to sup-
port their statements. The study was conducted in accordance 
with the amended Declaration of Helsinki (http://www.wma.net/en/
30publications/ 10policies/b3/) and was approved by the ethics 
committee of the Royal Brompton and Harefi eld NHS Trust 
(Ethics approval number 08/H0708/3). All carers gave written 
informed consent, with age-appropriate assent from the children. 

 Nitric Oxide Measurement 

 Fraction of exhaled nitric oxide (F eno ) was measured accord-
ing to current guidelines.  20   A NIOX chemiluminescence analyzer 
at a fl ow rate of 50 mL/s was used for analysis of F eno . 

 BAL and Macrophage Processing 

 BAL using fi ber-optic bronchoscopy was performed under gen-
eral anesthetic, as described previously.  21   Cells were centrifuged 
and washed with Hanks’ balanced salt solution. Cytospins were 
prepared and stained with Diff-Quick for differential cell count. 
Cell viability was assessed using the Trypan blue exclusion method. 
BAL macrophages were isolated by plastic adhesion and were 
incubated in Macrophage Serum Free Medium (Invitrogen Ltd). 

 Cells 

 The human monocytic cell line U937 was purchased from 
LGC Standards. The cells were differentiated into an adherent 
macrophage-like morphology by exposure to PMA (50 ng/mL) 
for 48 h. 

 Cytokine Enzyme-Linked Immunosorbent Assay and 
Corticosteroid Sensitivity 

 CXCL8 concentrations were determined by sandwich enzyme-
linked immunosorbent assay (R&D Systems Europe Ltd). AMs or 
U937 cells were treated with dexamethasone (10  2 6  M), followed 
by TNF- a  stimulation (10 ng/mL) for 2 h. The ability of dexa-
methasone to inhibit TNF- a -induced CXCL8 release was ana-
lyzed as a marker of corticosteroid sensitivity. 

 Thiobarbituric Acid Reactive Substances Assay 

 As a marker of oxidative stress, malondialdehyde (MDA) was 
measured as thiobarbituric acid reactive substances using a TBARS 
Assay Kit (Cayman Chemical Company). The levels were calcu-
lated using a standard curve. 

 Protein Extraction and Detection 

 Whole cell protein extracts were prepared using a radioimmu-
noprecipitation assay (RIPA) buffer as described previously.  8   Immu-
noprecipitation was conducted overnight with 2  m g of anti-HDAC2 
antibody (Sigma-Aldrich) in RIPA buffer. Cell lysates or immuno-
precipitates were analyzed by SDS-PAGE (Invitrogen Ltd) and 
detected with Western blot analysis by chemiluminescence (ECL 
Plus; GE Healthcare) as reported previously.  22   

 Total HDAC and HDAC2 Activity 

 To measure in-cell HDAC activity, cells were incubated with 
Fluor de Lys substrate (200  m M) for 1 h before cell lysis using 

as tobacco smoke, impairs HDAC2 function, leading 
to corticosteroid insensitivity in vitro and in vivo.  8-10   
HDAC2 expression and activity are reduced in the 
airways of, and alveolar macrophages (AMs) from, 
adults with severe asthma  11-13   and COPD.  14,15   Even 
more importantly, in patients with asthma who smoke, 
there is a signifi cantly greater reduction of HDAC 
activity in bronchial biopsy specimens than in patients 
with asthma who do not smoke.  16   Further analysis 
revealed that oxidative stress such as tobacco smoke 
impairs HDAC2 via phosphoinositide-3-kinase (PI3K) 
 d  (PI3K d )/Akt activation.  9,17   In this study, we tested 
the hypothesis that passive exposure to tobacco smoke 
is associated with reduced HDAC2 in AMs in children 
with severe and refractory asthma. 

 Materials and Methods 

 Reagents 

 3-(4,5-dimethylthiazol-2yr)-2-5-diphenyltetrazolium bromide, 
dimethyl sulfoxide, phorbol 12-myristate 13-acetate (PMA), the 
rabbit polyclonal HDAC-1 (HDAC1) antibody, and the mouse 
monoclonal HDAC2 antibody were purchased from Sigma-Aldrich. 
The rabbit polyclonal antibody to phospho-HDAC2 (Ser 394 ) and 
the mouse monoclonal antibody to  b -actin were obtained from 
Abcam. Protein A/G plus-agarose immunoprecipitation reagent 
was obtained from Santa Cruz Biotechnology, Inc. The mouse 
monoclonal anti-phospho-Akt1/PKB a  (Ser 473 ) antibody and the 
rabbit polyclonal anti-Akt1/PKB a  antibody were obtained from 
Millipore. Recombinant human tumor necrosis factor (TNF)- a  
was purchased from R&D Systems Europe Ltd. 

 Patients 

 Nineteen children with severe asthma were recruited for bron-
choscopy as part of the workup for severe, therapy-resistant 
asthma.  18   All the children were under regular follow-up at Royal 
Brompton Hospital. Asthma was diagnosed according to American 
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