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Rationale and Objectives: Patients with severe asthma have a poor
therapeutic response to corticosteroid therapy, and corticosteroid
responsiveness cannot be easily measured in these patients. We
hypothesized that this poor response is associated with a reduced
effect of corticosteroids to inhibit cytokine release from activated
peripheral blood mononuclear cells (PBMCs).
Methods: Patients with severe asthma were defined by American
Thoracic Society criteria. We compared the suppression of LPS-
induced cytokine release (monocyte chemotactic protein-1 [MCP-1],
macrophage inflammatory protein [MIP] 1�, RANTES, tumor
necrosis factor �, interleukin 1� (IL-1�), IL-8, IFN-�, IL-6, IL-10, and
granulocyte-macrophage colony–stimulating factor [GM-CSF])
by dexamethasone from PBMCs of patients with severe asthma
(n � 16), patients with nonsevere asthma (n � 19), and normal
volunteers (n � 10).
Results: There was no difference in baseline spontaneous or stimu-
lated release of these cytokines among groups. LPS-induced release
of 10 cytokines was less suppressed by dexamethasone (10�6 M)
in patients with severe asthma compared with patients with nonse-
vere asthma, with statistical significance achieved for IL-1� (p �

0.03), IL-8 (p � 0.03), and MIP-1� (p � 0.003), and borderline
significance for IL-6 (p � 0.054). There was less difference between
the two groups for dexamethasone at 10�8 M. Nuclear histone
deacetylase (HDAC) and histone acetyltransferase activities were
reduced in patients with severe asthma compared with patients
with nonsevere asthma (p � 0.01). HDAC activity reduction corre-
lated directly to the degree of steroid insensitivity of GM-CSF (r �

0.57, p � 0.01) and IFN-� (r � 0.56, p � 0.05) release. Reduction
in histone acetyltransferase activity related to corticosteroid use
rather than asthma severity.
Conclusions: Patients with severe asthma have diminished cortico-
steroid sensitivity of PBMCs when compared with patients with
nonsevere asthma, associated with a reduction in HDAC activity
that parallels the impaired corticosteroid sensitivity.
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Patients with asthma usually control their symptoms well with
inhaled corticosteroids and long-acting �2-agonists, but a minor-
ity of patients continue to have uncontrolled asthma despite
these treatments. These latter patients with severe asthma suffer
greater morbidity, face a higher risk of asthma death, and con-
sume a greater proportion of health resources than other patients
with asthma (1). Patients with severe asthma may present with
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more severe symptoms or greater lung function impairment or
may experience more frequent exacerbations. The pattern of
disease may differ between patients. Some patients with severe
asthma have repeated exacerbations but minimal interval symp-
toms; others rarely exacerbate but have persistent airway ob-
struction. Therefore, a definition of severe asthma must encom-
pass many aspects of severity to capture patients with severe
asthma with differing clinical phenotypes. The definition put
forth by the American Thoracic Society (ATS) requires the
presence of at least two of seven minor criteria despite the use
of high-dose inhaled corticosteroids or the long-term use of oral
steroids (1). A European Respiratory Society workshop has pro-
posed a definition for severe asthma that is equally broad (2).

The fact that patients with severe asthma have uncontrolled
asthma despite taking high doses of inhaled corticosteroids,
sometimes together with oral corticosteroids, has led to the hy-
pothesis that patients with severe asthma are relatively resistant
to the therapeutic effect of corticosteroids. Such patients are
not absolutely resistant to the effects of corticosteroids because
stopping corticosteroid therapy usually leads to a worsening of
asthma in these patients. Rather, such patients, often labeled as
having corticosteroid-dependent asthma, have a partial impaired
response to corticosteroids. The cellular counterpart of steroid
responsiveness has been studied, particularly in small groups of
patients with asthma defined as having corticosteroid-resistant
asthma, in whom there is persistence of airway obstruction and
failure of the FEV1 to improve by 15% of baseline after 10
to 14 d of high-dose oral corticosteroids, typically 40 mg of
prednisolone daily (3). In such patients, the induction of prolifer-
ation of peripheral blood mononuclear cells (PBMCs) is less
suppressible by corticosteroids when compared with that from
patients with corticosteroid-sensitive asthma (4, 5), indicating
that such an in vitro response could be used as a measure of
corticosteroid responsiveness. There are few data regarding re-
lease of cytokines in vitro from PBMCs of patients with severe
asthma.

We have hypothesized that patients with severe asthma may
be a subset of patients with asthma who have persistent symp-
toms and poor control despite receiving corticosteroid therapy
because their asthmatic inflammatory response is relatively resis-
tant to suppression, as reflected in the degree of corticosteroid
suppression of cytokine release from PBMCs. We therefore mea-
sured the ability of dexamethasone to suppress the release of
cytokines from PBMCs in patients with severe asthma compared
with PBMCs from patients with nonsevere asthma. Because his-
tone acetylation status as determined by histone deacetylase
(HDAC) and histone acetyltransferase (HAT) activities is an
important determinant of the inflammatory response and of cor-
ticosteroid responsiveness, we also assayed these activities in
PBMCs.

Part of this work has been previously presented at the 2005
American Thoracic Society meeting (6).
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METHODS

Patients

Asthma was diagnosed by a physician and had FEV1 reversibility of
12% or greater or methacholine PC20 of less than 8 mg/ml. Current
and ex-smokers with more than 5 pack-years of smoking history were
excluded. Patients with severe asthma (n � 16) were defined according
to guidelines developed by the Severe Asthma Research Program based
on ATS criteria (1). They had one or two major criteria for corticoste-
roid usage and had three or more minor criteria, with 13 having five
or more. Patients who did not meet the criteria for severe asthma were
classified as having nonsevere asthma (n � 19) and used 1,000 �g or
less of inhaled beclomethasone dipropionate equivalent per day.
Healthy volunteers (n � 10; two women; 37.6 � 2.4 yr of age; FEV1%
predicted � 98 � 5.0) with no asthma, using no medications, and who
had never smoked were recruited. All participants gave informed consent
to a protocol approved by the ethics committee of Royal Brompton and
Harefield NHS Trust/National Heart and Lung Institute.

Isolation and Stimulation of PBMCs

Venous blood (80 ml) was diluted 1:1 with Hanks’ buffered saline
solution and layered on Ficoll-Hypaque-Plus (Amersham plc, Bucking-
hamshire, UK). After centrifugation (30 min at 1,100 � g and 18	C),
PBMCs were collected, washed, and centrifuged (250 � g for 10 min).
PBMCs were resuspended in culture media and counted using Kimura
dye. They were plated (7.5 � 105 cells/well) and stimulated with LPS
(10 �g/ml) with or without dexamethasone (10�6 or 10�8 M). Superna-
tants were removed 18 h later and analyzed for 10 cytokines. Nuclear
extracts were obtained from PBMCs (4 � 106 cells) for assay of HDAC
and HAT activities. To determine whether the sensitivity of PBMCs
was reflected in that of monocytes, we isolated monocytes from unfrac-
tionated PBMCs by plate adherence and stimulated with LPS and
dexamethasone as described previously.

Measurement of Cytokine Release

Cell-culture supernatants were mixed with microsphere beads (Bead-
lyte; Upstate Technology, Dundee, UK) coated with capture antibodies
to monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory
protein 1
 (MIP-1
), RANTES (regulated upon activation, normal
T-cell expressed and secreted), tumor necrosis factor 
 (TNF-
), interleu-

TABLE 1. CHARACTERISTICS OF PATIENTS WITH NONSEVERE AND SEVERE ASTHMA

Nonsevere Asthma Severe Asthma p Value

No. 19 16
Sex, F/M 9/10 13/3 � 0.05
Age, yr 43.1 � 10.9 41.9 � 12.8 NS
Race 4 Asian, 15 white 1 Asian, 15 white NS
Duration of asthma 19.5 � 16.1 27.0 � 15.0 NS
Inhaled corticosteroid dose, �g BDP

equivalent 400 � 750* (11) 2,000 � 1,720* (16) � 0.0001
Receiving oral corticosteroids (n) 0 9
FEV1, L 2.87 � 0.76 (18) 1.84 � 0.70 (15) � 0.001
FEV1% predicted 80.5 � 21.6 (18) 59.7 � 21.3 (15) � 0.01
FEV1/VC, % 71.8 � 11.0 (18) 66.2 � 9.3 (15) NS
Bronchodilator reversibility, % 10.1 � 8.0 (16) 21.4 � 19.8 (15) NS
PC20, mg/ml (geometric SD)† 1.51 (5.5) (17) 0.35 (6.2) (8) � 0.05
Exhaled nitric oxide, ppb 24.6 � 70.1 (17) 38.5 � 39.7 (14) NS
Blood eosinophils, % 4 � 3.2 (16) 4.9 � 5.2 (16) NS
Blood neutrophils, % 60.9 � 10.8 (16) 61.3 � 18.8 (16) NS
Blood lymphocytes, % 24.6 � 8.0 (16) 24.3 � 10.4 (16) NS
Blood monocytes, % 4.4 � 1.2 (16) 3.8 � 1.6 (16) NS
BAL neutrophils, % 0.63 � 0.66 (13) 2.59 � 1.82 (7) � 0.002
BAL eosinophils, % 0.36 � 0.44 (13) 1.74 � 2.1 (7) � 0.05
Serum IgE, IU/ml 318.4 � 320 (16) 129.2 � 187 (16) NS

Definition of abbreviations: BAL � bronchoalveolar lavage; BDP � beclomethasone dipropionate; F � female; M � male; NS �

not significant; PBL � peripheral blood leukocyte; PC20 � provocative concentration of methacholine causing a 20% fall in FEV1.
Values represent mean � SD (with number of measurements in parentheses), except where otherwise noted.
* Median � SD.
† Geometric mean (geometric SD).

kin 1� (IL-1�), IL-8, IFN-�, IL-6, IL-10, and granulocyte-macrophage
colony–stimulating factor (GM-CSF). Biotinylated reporter antibodies
were added to bind the microsphere bead–cytokine complexes. Finally,
a fluorophore, streptavidin-phycoerythrin, was added to bind the biotinyl-
ated reporter, thus emitting a fluorescent signal, measured in a Luminex
100 laser spectrophotometer (Luminex, Austin, TX). Microsphere beads
for each cytokine emitted a unique ratio of two other fluorophores.
Cytokine concentrations were converted from mean fluorescence inten-
sity from standard curves.

Measurement of HDAC and HAT Activities

HDAC activity was measured using a fluorescent derivative of an epsilon-
acetyl lysine assay substrate (HDAC Fluorescent Activity Assay Kit;
Biomol International, Exeter, UK), which was deacetylated by incuba-
tion with samples and combined with a developer to generate a measur-
able fluorophore. HAT activity was measured by ELISA (HAT Activity
Assay Kit; Upstate Biotechnology). Samples were mixed with acetyl-
CoA and incubated for 30 min on a plate precoated with histone H4.
Acetylated histones were detected using an anti–acetyl-lysine rabbit
polyclonal antibody followed by a horseradish peroxidase–based colori-
metric assay.

Data Analysis

Results were expressed as means � SEM. The differences in each cyto-
kine released between LPS and LPS plus dexamethasone treatment were
calculated and ranked, and multivariate analysis of variance (ANOVA)
was performed to determine differences between severe and nonsevere
asthma. Significance was taken at p � 0.05.

RESULTS

A comparison of the baseline data of patients with severe and
nonsevere asthma is presented in Table 1. Patients with severe
asthma had more severe airflow obstruction (p � 0.01) and
bronchial hyperresponsiveness (p � 0.05).

Baseline and LPS-stimulated Cytokine Release

Baseline release of GM-CSF, IFN-�, IL-10, IL-1�, and TNF-

was close to the limit of detection, thus reducing the validity of
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between-group comparisons for these cytokines (Figure 1A).
Among the other five cytokines, levels did not significantly differ
between patients with severe asthma and patients with nonsevere
asthma. LPS-stimulated cytokine release was also similar be-
tween patients with severe asthma and patients with nonsevere
asthma (Figure 1B).

Corticosteroid Suppression of Cytokine Release

For each patient, cytokine release after dexamethasone preincu-
bation, together with LPS stimulation, was expressed as a per-
centage of the value of cytokine release after LPS stimulation
alone above baseline (Figure 2). There was a trend to less cyto-
kine suppression by dexamethasone 10�6 M (Figure 2A) in
PBMCs from patients with severe asthma compared with pa-
tients with nonsevere asthma for all 10 cytokines. We used a
multivariate ANOVA to analyze the suppressed level of each
cytokine by dexamethasone (10�6 M). There was significance
for IL-1� (p � 0.03), IL-8 (p � 0.03), and MIP-1
 (p � 0.003),
and borderline significance for IL-6 (p � 0.054). There was
no difference in the suppression of any of the 10 cytokines by
dexamethasone at 10�8 M between the severe and the nonsevere
asthma groups (Figure 2B).

In three subjects, unfractionated PBMCs were compared with
monocytes (Figure 3), and the degree of steroid suppression of
each individual cytokine correlated extremely highly between
the two cell populations. Two data points for Patients A (IFN-�

Figure 1. Concentrations of 10 different cytokines in cell culture super-
natants of unstimulated peripheral blood mononuclear cells (PBMCs)
(A ) and of PBMCs stimulated with LPS (10 �g/ml) (B ) from normal
volunteers, patients with nonsevere asthma, and patients with severe
asthma. There were no significant differences between patients
with severe asthma and patients with nonsevere asthma. GM-CSF �

granulocyte-macrophage colony–stimulating factor; IFN-� � interferon-�;
IL � interleukin; MCP-1 � monocyte chemotactic protein-1; MIP �

macrophage inflammatory protein; TNF � tumor necrosis factor.

and RANTES) and B (GM-CSF and IFN-�) and one data point
for Patient C (GM-CSF) are omitted because cytokine levels
for monocytes or PBMCs in these cases failed to rise with LPS
stimulation.

HDAC Activity

PBMCs from patients with severe asthma had less HDAC activ-
ity (4.59 � 0.72 vs. 7.97 � 0.68 �M/10 �g protein; p � 0.01)
than PBMCs from patients with nonsevere asthma (Figure 4).
The difference was significant regardless of whether the latter sub-
jects were taking inhaled corticosteroids (4.59 � 0.72 vs. 8.14 �
0.91 �M/10 �g protein; p � 0.01) or not (4.59 � 0.72 vs. 7.73 �
1.10 �M/10 �g protein; p � 0.05; Figure 4). Among patients with
nonsevere asthma, there was no difference in HDAC activity
between those taking inhaled corticosteroids and those who were
not (8.14 � 0.91 vs. 7.73 � 1.10 �M/10 �g protein; p � not
significant [NS]).

HAT Activity

PBMCs from patients with severe asthma had lower HAT activ-
ity (0.093 � 0.029 vs. 0.261 � 0.036 ng/10 �g protein; p � 0.01)
than PBMCs from patients with nonsevere asthma. When pa-
tients with nonsevere asthma were stratified according to their
use of inhaled corticosteroids (Figure 5), HAT activity was still
lower in PBMCs from patients with severe asthma than in those
from patients with steroid-naive nonsevere asthma (0.093 �
0.029 vs. 0.338 � 0.042 ng/10 �g protein; p � 0.01). However,
there was no difference in HAT activity between patients with
severe asthma and patients with nonsevere asthma who were

Figure 2. Effect of dexamethasone 10�6 M (A ) and 10�8 M (B ) on the
suppression of release of 10 cytokines from PBMCs stimulated by LPS
(10 �g/ml). Data are expressed as the percentage of cytokine release
after exposure to LPS. *p � 0.05; **p � 0.01 between patients with
severe and nonsevere asthma.
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Figure 3. Comparison of sensitivity to dexamethasone (10�6 M) be-
tween PBMCs and monocytes of a patient with severe asthma (A ) and
two patients with nonsevere asthma (B and C ). Each panel shows the
correlation between percentage cytokine release in monocytes and per-
centage cytokine release in PBMCs for eight different cytokines.

taking inhaled corticosteroids (0.093 � 0.029 vs. 0.158 � 0.030
ng/10 �g protein; p � NS). Among patients with nonsevere
asthma, there was significantly less HAT activity in those who
were taking inhaled steroids (0.158 � 0.030 vs. 0.338 � 0.042
ng/10 �g protein; p � 0.01) than in those who were not.

Relationship between Steroid Suppression of Cytokine
Release to HDAC Activity

HDAC activity correlated inversely to the percentage of cyto-
kine release with dexamethasone (10�6 M), of GM-CSF (r �
�0.569; p � 0.01; Figure 6A), and IFN-� (r � �0.556; p � 0.05;

Figure 4. Individual histone-deacetylase (HDAC) activities in PBMCs
from normal individuals, patients with nonsevere asthma, and patients
with severe asthma. The patients with nonsevere asthma are divided into
those not receiving inhaled corticosteroids (ICS�) and those receiving
inhaled corticosteroids (ICS�). *p � 0.05; **p � 0.01; NS � not signifi-
cant.

Figure 6B), such that the lower the HDAC activity, the greater
the steroid insensitivity. In contrast to HDAC, HAT activity did
not correlate to the degree of steroid suppression of any cytokine.

Relationship of LPS-induced Cytokine Release to HAT Activity

There were significant correlations between LPS-induced cyto-
kine release for seven cytokines (GM-CSF, IL-10, IL-1�, IL-6,
IL-8, TNF-
, and MIP-1
) and HAT activity (Figure 7). In

Figure 5. Individual histone acetyltransferase (HAT) activities in PBMCs
from normal individuals, patients with nonsevere asthma, and patients
with severe asthma. The patients with nonsevere asthma are divided into
those not receiving inhaled corticosteroids (ICS�) and those receiving
inhaled corticosteroids (ICS�). **p � 0.01.
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Figure 6. Correlation between relative steroid suppression of cytokine
release for GM-CSF (A ) and IFN-� (B ) and total HDAC activity. Closed
circles indicate severe asthma; open circles indicate nonsevere asthma.

contrast, LPS-induced IFN-� release was inversely correlated
to HAT activity. LPS-induced cytokine release correlated with
HDAC activity for only IL-6 (r � 0.39, p � 0.05) and TNF-

(r � 0.43, p � 0.05).

DISCUSSION

Our results show that patients with severe asthma, defined ac-
cording to ATS criteria, have diminished corticosteroid sensitiv-
ity of their circulating PBMCs when compared with patients
with nonsevere asthma. We used LPS as a stimulator of these
cells and measured the release of 10 cytokines. We showed that
at the higher dose of 10�6 M of dexamethasone, there was less
reduction of cytokine release in cells from patients with severe
asthma compared that from patients with nonsevere asthma;
however, this difference was not observed at the concentration
of 10�8 M of dexamethasone. In addition, we found that the total
activities of the two enzymes that determine histone acetylation
status, HDAC and HAT, were reduced in patients with severe
asthma compared with patients with nonsevere asthma, indicat-
ing potential involvement of these enzymes in determining the

relative corticosteroid insensitivity in PBMCs from patients with
severe asthma.

The lack of inhibition of a monocyte-derived neutrophil acti-
vating factor and of cytokines such as TNF-
, IL-1�, and GM-
CSF from blood monocytes by corticosteroids of patients with
corticosteroid-resistant asthma as compared with patients with
corticosteroid-sensitive asthma has been described (7, 8). TNF-

–induced GM-CSF release from PBMCs was also found to be
less suppressible by exogenous dexamethasone in a group of
patients with corticosteroid-resistant and corticosteroid-depen-
dent asthma (9). In these studies, the severity of the patients
with asthma was not clearly defined. Our study is the first to
indicate that there is an impairment of corticosteroid suppression
of cytokine release measured in PBMCs from patients with se-
vere asthma. The corticosteroid sensitivity of different cytokines
released from PBMCs compared with that from monocytes in
three patients with asthma indicates that the monocyte within
the PBMC population is likely to be the cell being tested for
corticosteroid sensitivity. This makes sense because LPS is
known to activate monocytes to cause release of the cytokines
that we have measured, but this does not exclude potential inter-
actions between monocytes and lymphocytes in the response of
PBMCs to LPS. A reduction in the inhibitory effects of cortico-
steroids on the proliferation of blood lymphocytes from patients
with corticosteroid-resistant asthma has been reported (4, 5).

Monocytes and macrophages are sensitive to LPS, which in-
duces an array of cytokines through the transmembrane signaling
receptor Toll-like receptor 4, which activates several intracellular
signaling pathways, such as nuclear factor-B (NF-B) and the
mitogen-activated protein kinase pathways (10, 11). For exam-
ple, the transcriptional induction of GM-CSF, IL-8, TNF-
, or
RANTES is dependent on the activation of IB kinase NF-B,
which binds to and activates coactivator molecules through the
acetylation of core histones, leading to increased cytokine gene
transcription (12–14). Corticosteroids are likely to inhibit the
expression of these cytokines through the reversal of histone
acetylation at the site of the cytokine gene expression by direct
binding of the activated corticosteroid receptor to NF-B–
associated coactivators or by recruitment of HDACs to the acti-
vated transcription complex (15, 16). There was no difference
in the spontaneous release or in the LPS-stimulated release of
these cytokines between patients with severe and patients with
nonsevere asthma, indicating that the differences in steroid sensi-
tivity observed were not related to a greater expression of cyto-
kines, probably reflecting no differences in intracellular signaling
induced by LPS between the two groups. We found that in terms
of differences between severe and nonsevere asthma, there was
less suppression of at least 7 of the 10 cytokines assayed in
PBMCs of severe asthma, with significant differences for IL-8,
MIP-1
, and IL-1� (and with borderline significance for IL-6).
Differences were less obvious for the release of IL-10, MCP-1,
and RANTES. One potential explanation for these different
sensitivities may be the differential contribution of corticoste-
roid-sensitive intracellular pathways, such as NF-B or mitogen-
activated protein kinase activation, induced by LPS.

HAT and HDAC are families of enzymes that regulate the
structure of chromatin which ultimately modulates the gene ex-
pression of inflammatory genes (17). Acetylation of histones by
coactivator proteins, such as cAMP response element binding
(CREB)-binding protein p300 and TAFII250, which possess
HAT activity, leads to DNA unwinding, which allows transcrip-
tion factors and RNA polymerase II to initiate gene transcription
(18). On the other hand, deacetylation of histones leads to the
repression of transcription (19). It has therefore been proposed
that the balance of histone acetylation and of histone deacetyla-
tion may determine the inflammatory state. Glucocorticoids have
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Figure 7. Relationship between LPS-induced re-
lease of eight cytokines and total HAT activity in
PBMCs. There was a positive correlation between
the levels of cytokine release and HAT activity for
seven of the cytokines, except for IFN-�, where
there was a negative correlation. Closed circles
indicate severe asthma; open circles indicate non-
severe asthma.

been shown to suppress inflammatory gene expression, and this
effect may involve the recruitment of HDACs to the transcrip-
tional machinery complex by the activated glucocorticoid recep-
tor (20, 21).

Changes in HDAC and HAT activity have been previously
described in bronchial biopsies of patients with nonsevere
asthma (21). Compared with normal subjects, these subjects had
a reduction in HDAC activity and a reciprocal increase in HAT
activity. In patients treated with inhaled corticosteroids, the re-
duction in HDAC and the increase in HAT activity were attenu-
ated (21). Because repression of HAT activity and recruitment

of HDAC activity is caused by corticosteroids in vitro (21, 22),
these results were interpreted as reflecting the effect of cortico-
steroids in inhibiting HAT and recruiting HDAC activities. In
our study, HDAC and HAT activities were significantly reduced
in PBMCs from patients with severe asthma compared with
patients with nonsevere asthma, indicating that changes in chro-
matin modification in severe asthma are more complex than the
reciprocal change in the activities of HAT and HDAC described
in nonsevere asthma.

Our key finding was that HDAC activity in PBMCs from
patients with severe asthma was reduced when compared with
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patients with nonsevere asthma. Furthermore, HDAC activity
in patients with nonsevere asthma was not influenced by inhaled
corticosteroid use, suggesting that inhaled steroids do not con-
tribute to changes in HDAC activity in PBMCs. The reduction
in HDAC activity in PBMCs from patients with severe asthma
correlated with the impairment of steroid responsiveness of GM-
CSF and IFN-� release, supporting a link between diminished
HDAC activity and the development of steroid insensitivity in
severe asthma. By contrast, the reduction in HAT activity in
PBMCs from patients with severe asthma is probably due to the
use of high-dose inhaled (and oral) corticosteroids rather than
asthma severity because HAT activity in patients with severe
asthma was not significantly different from the subgroup of pa-
tients with nonsevere asthma taking inhaled corticosteroids. Fur-
thermore, HAT activity was reduced in patients with nonsevere
asthma on inhaled corticosteroids when compared with those
not on this therapy. These findings are consistent with the in
vitro inhibition of histone acetylation by glucocorticoids found
previously (17). We also found that among patients with asthma,
HAT activity was reduced in parallel with the reduction of in-
flammatory gene expression by dexamethasone for 7 of the 10
cytokines (except IFN-�) assayed, indicating that the reduction
in HAT activity is related to corticosteroid use but dissociated
from asthma severity. We do not have an adequate explanation
for the inverse relationship obtained for IFN-�.

Prior treatment with corticosteroids was unlikely to have
influenced PBMC responsiveness because we found no differ-
ence in corticosteroid sensitivity among the patients with severe
asthma who took regular oral prednisolone in comparison to
those that did not take oral corticosteroids. The effect of oral
prednisolone therapy on corticosteroid responsiveness is un-
known, but a 10-d course of prednisolone at a dose of 40 mg/d had
no effect on the number or affinity of corticosteroid receptors on
PBMCs (23). The reduced sensitivity of PBMCs to corticosteroid
in patients with corticosteroid-dependent asthma has been re-
produced by incubating PBMCs from nonasthmatic volunteers
with a combination of IL-2 and IL-4, and this was associated
with a reduction in affinity of the glucocorticoid receptor (GR)
on PBMCs, including T cells (23, 24). In this study of steroid-
dependent severe asthma, the binding affinity of dexamethasone
to the glucocorticoid receptor was threefold higher than that of
patients with corticosteroid-dependent asthma, which could ac-
count for the differences in cytokine inhibition by corticosteroids.

Our data show that PBMCs of patients with severe asthma
express relative corticosteroid insensitivity. It is not known
whether this abnormality would be reflected in lung macro-
phages, such as bronchoalveolar lavage macrophages. A recent
study has demonstrated that nuclear translocation of the gluco-
corticoid receptor 
 by dexamethasone is impaired in alveolar
macrophages of patients with glucocorticoid-insensitive asthma,
indicating that this abnormality could occur in alveolar macro-
phages of patients with severe asthma (25). Whether this is an
intrinsic defect of PBMCs or an acquired defect (e.g., secondary
to the effect of circulating mediators) is not known. In addition,
it is not known whether the degree of corticosteroid sensitivity
measured in the PBMCs reflects disease severity, although our
corticosteroid sensitivity does not seem to correlate with various
markers of severity of asthma.

In summary, severe asthma is characterized by a greater de-
gree of steroid insensitivity measured in PBMCs than nonsevere
asthma, along with a reduction in HDAC and HAT activities.
Our results indicate that diminished HDAC activity may be
linked to the presence of relative steroid insensitivity in severe
asthma, whereas reduced HAT activity probably relates to corti-
costeroid use rather than disease severity. Determining the

mechanisms underlying impaired steroid responsiveness may
yield new therapeutic targets for severe asthma.
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