EXPERIMENTAL and MOLECULAR MEDICINE, Vol. 41, No. 5, 297-306, May 2009

Repression of TNF-a-induced IL-8 expression by the
glucocorticoid receptor- involves inhibition of histone H4

acetylation

Sang-Hoon Kim', Doh-Hyung Kim?,

Paul Lavender®, Ji-Hee Seo?, Yun-Seop Kim?,
Jae-Suk Park? Sahng-June Kwak” and
Young-Koo Jee*®

"Division of Allergy and Respiratory Medicine
Eulji Hospital, Eulji University School of Medicine
Seoul 139-711, Korea

“Division of Allergy and Respiratory Medicine
Dankook University

Cheonan 330-714, Korea

’Kings College London

Medical Research Council/Asthma UK Centre

in Allergic Mechanisms of Asthma

Guy's Hospital, London, SE1 9RT, UK
“Department of Biochemistry

College of Medicine, Dankook University
Cheonan 330-714, Korea

5Corresponding author: Tel, 82-41-550-3923;
Fax, 82-41-556-3256; E-mail, ykjee @dankook.ac.kr
DOI 10.3858/emm.2009.41.5.033

Accepted 10 December 2008

Abbreviations: GR, glucocorticoid receptor; GREs, glucocorticoid
response elements; HAT, histone acetyltransferase; HDAC, histone
deacetylase

Abstract

Increased expression of a number of proinflammatory
genes, including IL-8, is associated with inflammatory
conditions such as asthma. Glucocorticoid receptor
(GR)B, one of the GR isoforms, has been suggested to
be upregulated in asthma associated with glucocorti-
coid insensitivity and to work as a dominant negative
inhibitor of wild type GRa.. However, recent data sug-
gest that GRp is not a dominant negative inhibitor of
GRa in the transrepressive process and has its own
functional role. We investigated the functional role of
GRp expression in the suppressive effect of gluco-
corticoids on tumor necrosis factor (TNF)-a-induced
IL-8 release in an airway epithelial cell line. GRp ex-
pression was induced by treatment of epithelial cells
with either dexamethasone or TNF-a.. GRj was able to

inhibit glucocorticoid-induced transcriptional activa-
tion mediated by binding to glucocorticoid response
elements (GREs). The suppressive effect of dex-
amethasone on TNF-a-induced IL-8 transcription was
not affected by GRp overexpression, rather GRp had
its own weak suppressive activity on TNF-a-induced
IL-8 expression. Overall histone deacetylase activity
and histone acetyltransferase activity were not
changed by GRp overexpression, but TNF-a-induced
histone H4 acetylation at the IL-8 promoter was de-
creased with GRJ overexpression. This study sug-
gests that GRp overexpression does not affect gluco-
corticoid-induced suppression of IL-8 expression in
airway epithelial cells and GRp induces its own histone
deacetylase activity around IL-8 promoter site.
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Introduction

Glucocorticoids are the mainstay of treatment of
various inflammatory diseases such as bronchial
asthma (Bateman et al.,, 2008). Glucocorticoids
work through the glucocorticoid receptor (GR), and
transcriptional activation by GR is often mediated
by GR binding to a consensus glucocorticoid
response element (GRE). GR forms homodimers
upon binding of glucocorticoid, and this homodimer
binds to the GRE enabling recruitment of trans-
criptional co-activators.

Recently, it has been described that multiple
isoforms of GR are generated from a single gene
by the mechanisms of alternative splicing and
alternative translation initiation (Duma et al., 2006).
Of these isoforms, two (GRa and GRp) have been
best studied, and they originate by an alternative
splicing event within the 9™ exon of the gene. GRp
has been suggested to be upregulated in the
steroid resistant asthmatics, and to be the most
abundant GR isoform in neutrophils. GRp was
more highly expressed in glucocorticoid resistant
asthmatics (Leung et al., 1997; Hamid et al., 1999;
Sousa et al., 2000), although this is not a universal
observation in glucocorticoid dependent (Gagliardo
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et al., 2000) or stable asthmatics (Torrego et al.,
2004) and glucocorticoid resistant nasal polyps
(Choi et al., 2006). Neutrophils expressing high
levels of GRp escape glucocorticoid-induced cell
death (Strickland et al., 2001). Viral transduction of
GRp into mouse hybridoma cells also resulted in
glucocorticoid insensitivity (Hauk et al., 2002). It
has been proposed that formation of heterodimers
between GRa and GRp could potentially contribute
to dominant negative activity (Oakley et al., 1999;
Strickland et al., 2001; Hauk et al., 2002; Yudt et
al., 2003). GRp lacks amino acids that are essen-
tial for the coordination of ligand, and since this
event precedes the recruitment of coactivator com-
plexes, it has been suggested to lack transcrip-
tional activation function. The DNA binding domain
of GRa and GRp are identical and the DNA binding
activity of GRp is thought to be unperturbed.
Therefore, since GRp lacks activator activity, it has
been proposed to be a dominant-negative inhibitor
of GRa. However, some recent data show that
GRp is not a dominant negative inhibitor of GRa
especially in the transrepression process (Gougat
et al., 2002; Kelly et al., 2008).

IL-8 is a member of the family of chemokines
involved in the initiation and amplification of acute
inflammatory reactions (Harada et al., 1994) and in
chronic inflammatory process. Bronchial hyperres-
ponsiveness is induced by repeated administration
of IL-8 (Fujimura et al., 1998) and increased levels
of IL-8 in sputum precede an exacerbation of
asthma (Kurashima et al., 1996). Epithelial expre-
ssion of IL-8 is observed in allergic rhinitis (Nonaka
et al., 1996) and asthma (Marini et al., 1992). In
addition epithelial IL-8 was observed in patients
with steroid-refractory asthma. IL-8 was more
abundant in induced sputum of patients with severe
asthma compared to control subjects (Hamilton et
al., 2003; Vachier et al., 2005).

Glucocorticoid-induced suppression of inflamma-
tory cytokines is important in the regulation of
many inflammatory diseases, and suppression of
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TNF-a-induced IL-8 expression by glucocorticoids
involves changes in IL-8 promoter acetylation
(Tsaprouni et al.,, 2007). Recent in vitro data
verified that GRa and GRp act in a similar manner
on IL-5 and IL-13 promoters, serving to repress
transcription via recruitment of histone deacetylase
(HDAC) and GRp does not act as a dominant-
negative inhibitor of GRa in this transrepression
(Kelly et al., 2008). Effects on other cytokines were
not tested. In this study, we investigated the func-
tional role of GRp in the suppressive effect of
glucocorticoids on TNF-a-induced IL-8 release in
airway epithelial cells by assessing the effect of
GRp overexpression in TNF-a-induced IL-8 expre-
ssion and IL-8 promotor histone acetylation status.

Results

Expression of GRa and GRp by transfection of
pCMV.hGRp

It is well known that GRa is constitutionally expre-
ssed, and GRp is not usually expressed in the
airway epithelial cells. We checked baseline expre-
ssion of GRa and GRpB and the effect of
pCMV.hGRp transfection in A549 cell lines. GRp
expression was easily detected in the airway
epithelial cell lines by following transfection of
pCMV.hGRS, as tested by RT-PCR of mRNA and
Western blotting (Figure 1). GRp was expressed in
a dose dependent manner (Figure 1A) and was
only detected following transfection in contrast to
the constitutionally expressed GRa (Figure 1B).
This means that in resting cells the functional effect
of GRp can be observed following transfection with
pCMV.hGRS.

Treatment with TNF-a. or dexamethasone induces
GRp expression

Previous studies have shown that GRp expression
could be induced with either treatment with dexa-
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Figure 1. Expression of GRa. and GR. (A) A549 cells were transfected with 0.01 pg and 0.1 pg of pCMV.hGRP and were harvested 18 h after
transfection. RT-PCR for GR was performed on cDNA derived from these cells. (B) A549 cells were transfected with pPCMV.hGR and Western blot was

carried out with antibodies raised against GRo. and GRp3.
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Figure 2. Effects of treatment with dexamethasone or TNF-o. on expression of GRp. 10° M of dexamethasone or 1 ng/ml of TNF-a. was used to treat
cells for the times indicated. Cells were harvested, cDNA prepared and RT-PCR were performed.

methasone or TNF-a in skeletal muscle and some
cell lines (Webster et al., 2001; Whorwood et al.,
2001). It was unclear whether GRp expression
could be induced in airway epithelial cells after the
treatment with certain chemical agents or in some
abnormal conditions. Therefore, to determine whe-
ther dexamethasone or TNF-a can influence the
expression of GRp in A549 cell lines, cultures were
subjected to treatment with dexamethasone or
TNF-a. GRp expression was induced by treatment
with either dexamethsone or TNF-a, whereas it was
undetectable in resting cells (Figure 2). Relatively
low doses of dexamethasone (10° M) and TNF-a (1
ng/ml) were able to induce GBp expression. GRp
was induced 8 days after 10 M of dexamethasone
and 5 days after 1 ng/ml of TNF-a treatment. These
effects are unlikely to be due to subculture of cells,
because subcultured cells without drug treatment
showed no expression of GRp.

GRp can work as an inhibitor of dexamethasone-

induced transcriptional activation
GR works through diverse mechanisms and trans-

154

1 Dex (-)
Hl Dex (+)
12
2 *
= 97
B
©
3 64
s
3_
0 T 1
pcDNA GRp

Figure 3. Effects of GRP3 expression on dexamethasone-induced tran-
scriptional activation in A549 cell lines. Data are shown as the fold activ-
ity over control activity and represent the mean £ SD of three in-
dependent experiments. *P < 0.05 versus control activity. Dex,
dexamethasone.

criptional activation by GR is mediated by GR
binding to a consensus GRE. Anti-inflammatory
protein such as lipocortin-1 is generated by this
transactivation process (Barnes, 2001).

To test the influence of GRp on genes frans-
criptionally activated by glucocorticoids, we over-
expressed GRp along with a glucocorticoid sensitive
pGRE luc in A549 cells, which were then treated
with dexamethasone. GRp inhibited ligand-induced
reporter activity by approximately 30% (P < 0.05,
Figure 3), thus GRp acts as an inhibitor of GRa in
the glucocorticoid-induced transactivation, which
was similar to the previous reports (Oakley et al.,
1996; Kino et al., 2001; Yudt et al., 2003).

GRp does not act as a dominant negative inhibitor in
dexamethasone induced transcriptional repression
of IL-8

The anti-inflammatory effects of glucocorticoid are
not confined to the synthesis of anti-inflammatory
proteins, but also rely on the suppression of
expression of activated cytokines in the inflamma-
tory conditions. This suppression of activated cyto-
kines is mediated at least in part by transrepre-
ssion. Therefore assessment of effects on the
transrepressive process is mandatory to see the
role of GRp.

In order to test the influence of GRpB on genes
repressed by glucocorticoids, we used two systems,
first, using transient transfection of a reporter vector
driven by a glucocorticoid repressible promoter,
and secondly by investigation of an endogenous
gene that is repressed by steroids. In contrast to
the result of GRp effect on the transcriptional acti-
vation, GRpP overexpression did not influence
transcriptional repression induced by dexame-
thasone in the A549 IgGk-NF-«xB cell line (Figure
4A). Secondly we measured mRNA expression
and secretion of IL-8 with or without GRp trans-
fection. The suppressive effect of dexamethasone
on the production of IL-8 mMRNA and secretion of
IL-8 were also not significantly affected by GRp
expression (Figure 4B and C). Overall results in
the transrepression process suggest that GRp may
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not be the dominant inhibitor of GRa in this path-
way.

GRp does not change the HDAC activities and HAT
activities

The mechanisms of action of glucocorticoids in the
suppression of cytokine gene expression are not
yet clear and have been explained by several
ways, of which recruitment of co-repressor like
HDAC is a recently introduced attractive mechanism
(Jee et al., 2005; Kelly et al., 2008).

GRp has some suppressive effects on the trans-
criptional activation induced by TNF-a although it
was not significant (Figure 4A). Increased expre-
ssion of GRp caused a reduction in TNF-a-induced
IL-8 transcription. We hypothesized that GRp may
have some activity on the recruitment of HDAC.

HAT activites and HDAC activities were measured
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with MOCK and GRS transfection. Overexpression
of GRB did not change the HDAC activities nor
HAT activities of A549 cell lines (Figure 5).

GRp overexpression inhibit TNF-a-induced histone
H4 acetylation at the IL-8 promoter

Because GRpB did not affect the overall HDAC
activities and HAT activities, we then applied the
semi-quantitative ChiP assay to analyze histone
acetylation at the IL-8 promoter. It is known that
suppression of TNF-a-induced IL-8 expression by
glucocorticoids involves changes in IL-8 promoter
acetylation (Tsaprouni et al., 2007). As shown in
Figure 6, IPs with antibody against acetylated
histone H4 revealed a marked enrichment of the
IL-8 promoter DNA after TNF-a treatment. Over-
expression of GRp inhibited this histone H4
acetylation. The levels of H4 acetylation tended to
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Figure 4. Effects of GRB expression on dexamethasone-induced re-
pression of IL-8. A549 IgGk-NF-«B luciferase cells were transfected with
control vector or pPCMV.hGRp. Following 6 h of treatment with TNF-o (5
ng/ml) andior 107 M of dexamethasone, cells were harvested. (A)
Luciferase activity. Data are shown as the fold activity over control activity.
(B) mRNA of IL-8 expression was measured by RT-PCR. Densitometric
data. The results are shown as the relative ratio to TNF-aw induced activity.
(C) Supernatants were collected and levels of IL-8 were measured by
ELISA. Data represent the mean £ SD of three independent expe-
riments. *P < 0.05 versus TNF-a-induced activity. N, no treatment; T,
TNF-a treatment; D, dexamethasone treatment.
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Figure 5. Effect of GRp overexpression on HAT and HDAC activities in A549 cells. GR[ overexpression did not change the (A) HAT and (B) HDAC activities.
Results are shown as the relative ratio to HAT or HDAC activity with control vector transfection and the mean == SD of three independent experiments.
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Figure 6. GRp inhibit TNF-ai-induced acetylation of histone H4 at IL-8
promoter. (A) Results of a representative chromatin immunoprecipitation
(ChIP) experiment showing histone acetylation at IL-8 promoter. A549
cells were transfected with control (pcDNA) or pCMV.hGRp. Cells were
incubated with TNF-a (T; 5 ng/ml) in the presence and absence of dex-
amethasone (D; 107 M). (B) Graphical analysis of the percentage in-
crease in band density of ChiP data. The results are expressed as mean
=+ SD of three independent experiments. *P < 0.05 versus control vec-
tor-induced activity. N, no treatment; T, TNF-a treatment; D, dex-
amethasone treatment.

decrease by GRp overexpression in the untreated
cells, although it was not significant.

Discussion

Our data have shown that treatment with either
dexamethasone or TNF-a induced GRp expression
in an epithelial cell line. GRB overexpression
affected neither the TNF-a-induced IL-8 expression
nor the suppression of IL-8 expression by dexa-
methasone, rather it looked like that GRp had its
own weak activity suppressing TNF-o induced IL-8
expression. Furthermore, we demonstrated that
GRpB overexpression was able to reduce the
degree of histone acetylation detected in the IL-8
promoter region following stimulation by TNF-q.
These data confirm that GRB modulates histone
H4 acetylation status at the IL8 promoter area in
similar way to GRa and that these changes in
histone acetylation by GRp has its own important
role in transcriptional repression to TNF-a-induced
IL-8 expression in an airway epithelial cell line.

The study demonstrated that GRp expression
was induced by either persistent treatment with
dexamethasone or TNF-a in the airway epithelial
cell lines. The previous study has reported the
upregulation of GRB mRNA by glucocorticoids in
human skeletal muscle cells (Whorwood et al.,
2001). It was also reported that GRB could be
induced with the treatment of TNF-a in HeLa and
CEM-CT7 cell lines (Webster et al., 2001). Pujols et
al. (2002) reported that GRB mRNA was down-
regulated in a dose dependent manner after
short-term exposure to glucocorticoid (6 h of dexa-
methasone administration), with GR mRNA levels
returning to basal expression levels after 24 h,
reflecting the differences of GRp expression with
glucocorticoid according to the treatment time and
dosage. In this study, the expression of GRp after
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treatment of dexamethasone or TNF-a raises the
possibility that it may be induced under the
conditions, such as longstanding use of glucocor-
ticoid or severe inflammation in airway epithelium.

GRp, as an inhibitor of GRa, may be true only in
the glucocorticoid-induced transactivation pathway.
This kind of transcriptional activation has been
identified in lipocortin-1 (phospholipase A inhibitor),
B2-adrenoceptor, secretory leukopretease A, inhi-
bitor, Clara cell protein (CC10, phospholipase A;
inhibitor), IL-1 receptor antagonist, IL-1R2 (decoy
receptor), IkB-a (inhibitor of NF-xB), GILZ (gluco-
corticoid induced leucine zipper), and GITR (gluco-
corticoid induced TNFR family-related) (Barnes,
2001). The anti-inflammatory effects of glucocor-
ticoid are partially explained by these mechanisms
and for this reason, transcriptional activation indu-
ced by glucocorticoid is inhibited by GRp, thus the
anti-inflammatory action of glucocorticoid through
the production of these anti-inflammatory proteins
will be blocked. The result suggests that GRp is
able to interfere with transcriptional activation
properties of GRa and this inhibitory action of GRp
on glucocorticoid-induced transcriptional activation
could be explained by formation of a heterodimer
as GRa-GRp, which is unable to bind GRE by
previous report (Strickland et al., 2001). In this
study, we also demonstrated that GRp acts as an
inhibitor of GRa in the glucocorticoid-induced
transactivation, which was similar to the previous
reports (Oakley et al., 1996; Kino et al., 2001;
Yudtet et al., 2003). These data therefore suggest
that one of the mechanisms of glucocorticoid resis-
tance is by GRp acting as an inhibitor of genes
activated by glucocorticoids.

The activation and secretion of cytokines is the
most important phenomena in the inflammation
and the main anti-inflammatory action of glucocor-
ticoid is the suppression of expression of these
activated cytokines. There are no consensus GREs
in the promoters or enhancers in these infla-
mmatory cytokines and the mechanism of GR in
the suppression of cytokines have been explained
differently, such as repression by binding to regu-
latory DNA elements (hnGRE) (Drouin et al., 1993),
protein-protein interaction (squelching) (Jonat et
al., 1990), modification by phosphorylation (Caelles
et al., 1997), and recently by recruitment of co-
activator or co-repressor complexes to a common
subunit (Shi et al., 2001; Jee et al., 2005). There-
fore glucocorticoid resistance by GRp expression
must be verified in this glucocorticoid-induced
transrepressive process. The effects of GRB on
this glucocorticoid-induced repressive process are
still uncertain. Our results show that artificial over-
expression of GRp could not influence the gluco-

corticoid induced repressive effects in IL-8 produc-
tion, which means GRp is not the dominant
negative inhibitor in this transrepression process.
This suggests that GRp expression may not be the
main mechanism of glucocorticoid resistance in the
inflammatory condition induced by inflammatory
cytokines. GRp expression as the reason of steroid
resistance has been challenged because GR was
not usually expressed sufficiently to overcome the
function of GR (Hecht et al., 1997; Torrego et al.,
2004). Our data suggest that GRB do not act as
the cause of steroid unresponsiveness even when
expressed as a significantly higher level in the
suppression of IL-8 production.

Chromatin remodeling is critically involved in the
rapid shuttling of receptors on and off chromatin
templates, and necessarily requires that a large
fraction of receptor/genome interactions are coupled
to remodeling processes (John et al., 2008). Chro-
matin remodeling following histone acetylation at
the specific gene promoter site is a major trans-
criptional regulatory mechanism that allows trans-
cription factors to bind to specific gene promoters,
initiating gene transcription. Tsaprouni et al. (2007)
reported that the ability of TNF-a to induce IL-8
expression in monocyte and T cell lines is regu-
lated by changes in histone acetylation. Our data
show that overexpression of GRp did not show any
negative effect on the glucocorticoid-induced trans-
repression, expression of mMRNA, and secretion of
IL-8, rather it looked like that GRB had its own
weak transrepressive activity, while it caused
inhibition of glucocorticoid-induced transactivation.
We suggest that GRp has a role in glucocorticoid-
induced repression of cytokine genes and its own
potential recruiting HDAC activity. Activated GR
may recruits corepressor proteins, such as HDAC,
to the activated inflammatory gene transcriptional
complex, resulting in deacetylation of histones and
thus, a decrease in inflammatory gene transcription
(Barnes et al., 2005). In a similar manner, Kelly
and her colleagues have demonstrated a role for
altered histone acetylation status in the regulation
of IL-5 and IL-13 expression by GRp (Kelly et al.,
2008).

The cell line we used is a cancer cell line and
the artificial system provided above-normal level of
GRpB expression. These mean that this artificial
system might not reflect true physiologic condi-
tions. The chromatin status at critical response
elements will diverge in different cell types (John et
al., 2008) and chromatin architecture in a given cell
type is organized to facilitate receptor template
interactions appropriate for that cell. Cell-specific
chromatin organization plays a major role in the
determination of tissue-selective receptor function.



This cell specific response means that our results
cannot simply be applicable to other system or
condition. But the results are consistent with the
findings on promoter activity, mRNA expression,
protein production of IL-8, and demonstrate that
GRp suppress TNF-o-induced IL-8 gene transcription
in a chromatin-dependent manner through the
inhibition of histone H4 acetylation.

GRp expression may have some meaning other
than just bystander or functioning as inhibitor of
GRa. For example, GRpB expression can have
benefit if it has its own suppressive function in the
cytokine secretion to overcome some difficult con-
dition such as severe inflammatory condition,
especially in the condition of shortage of gluco-
corticoid. GRB do not bind with glucocorticoid and
be present abundantly in the nucleus (Oakley et
al., 1996; Kino et al., 2001; Yudt et al., 2003).
According to some data of previous reports, it
appears that GRp has its own suppressive activity
in the NF-xB transactivation (Gougat et al., 2002,
Yudt et al., 2003), although Yudt et al. only
interpreted the data with the ligand binding. A
previous report verified that GRp form a complex
with HDAC cofactor (Kelly et al., 2008), and we
confirmed that an enriched histone H4 acetylation
of the IL-8 promoter after TNF-a treatment was
inhibited by overexpression of GRp. These
increased HDAC activities in IL-8 promoter site by
GRp may influence the transcription of genes such
as IL-8 and benefit to suppress the inflammatory
condition, especially in the situation of shortage of
glucocorticoid. Recently it was confirmed that GRp
bind RU-486, glucocorticoid antagonist, as an ligand
and GRp bound with RU-486 can regulate gene
expression, suggesting that GRp may have some
physiological roles other than as an just bystander
or inhibitor of GRa. (Lewis-Tuffin et al., 2007). The
effect of GRp on IL-8 secretion was not significant in
our experiments, which may be due to insufficient
ability of GRp to interact with DNA or be recruited to
the area near inflammatory cytokine gene.

It is evident that GR can work through diverse
mechanisms rather than just direct binding and
activation of transcription. The action of glucocor-
ticoids is highly dynamic and involves chromatin
remodeling in addition to the previously proposed
mechanism. GR interaction with the genome uni-
versally associated with local chromatin reorgani-
zation, but multiple remodeling systems are either
recruited by the receptor, or operate at a given
regulatory site prior to, and coincident with, recep-
tor action (John et al., 2008). Therefore, there
might be several mechanisms underlying steroid
resistance and these possibilities should be taken
into consideration. Recent report showing two di-
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fferent steroid resistant asthma groups showing
different ability in terms of histone acetylation also
suggest that the cause of steroid resistance is not
simple (Matthews et al., 2004).

In summary, the study shows that the increased
expression of GRf does not influence the glucocor-
ticoid-induced suppression of IL-8 in the airway
epithelial cell line, rather it has a weak activity
suppressing TNF-a induced IL-8 expression, and
GRS induces its own histone deacetylase activity
around IL-8 promoter site. Therefore, GRp may not
be the dominant-negative inhibitor of GRa in the
glucocorticoid-induced transrepression process of
IL-8 and the main cause of glucocorticoid resis-
tance in asthma.

Methods

Cell lines and culture conditions

A549 cells (type Il pneumocyte, human lung carcinoma
cells, ATCC, MD; CCL-185) were grown in RPMI, supple-
mented with 10% FCS (Sigma, St. Louis, MO), penicillin
(100 IU/ml), and streptomycin (100 pg/ml), at 37°C and 5%
CO; in humidified air. Where indicated, cells were treated
with 5 ng/ml of TNF-a (Sigma, St. Louis, MO) and 107 M of
dexamethasone (Sigma, St. Louis, MO) for 6 h except in
the experiment about GRp expression with the drug treat-
ment (1 ng/ml of TNF-o and 10 M of dexamethasone).

Plasmids and transfections

pGRE luc vector (BD Biosciences Clontech, San Diego,
CA), which contains a luciferase reporter under transcrip-
tional control of a GRE, was used to measure the trans-
criptional activation by glucocorticoid. IgGk-NF-kB luciferase
reporter gene construct, in which a NF-xB binding site of
NF-xB dependent IgGk chain gene was cloned just
upstream of minimal IL-8 promoter (promoter -67 to +44),
has been described previously (Lee et al., 1999).
pCMV.hGRB were generated as described previously
(Kelly et al., 2008). These plasmids were transiently
transfected into A549 cells using lipofectamine-plus
(Gibco-BRL, Gainthersburg, MD) according to the manu-
facture's instruction. A549 cell lines had been grown in
media containing charcoal-stripped serum before transient
transfection. Stripped serum was used to remove steroid
from the culture medium that might bind to the endogenous
GR of the A549 cell lines and mask the influence of GRp.
Cell viability was measured by MTT assay. Transfection
and treatment of cell lines did not induce significant cell
death compared to control cell line (data not shown).

Reporter gene assay (Luciferase assay)

Assays were performed according to the manufacturer's
protocol (Promega Corp, Medison, WI). Cultured cells were
harvested with the addition of lysis buffer (0.1 M HEPES,
pH 7.6, 1% Triton-X, 1 mM DTT and 2 mM EDTA) after
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washing with PBS. Cell pellets were centrifuged at 4°C, 10
min, 14,000 rpm. Protein concentration was measured by
Bradford assay (Bio-rad laboratories, Hercules, CA). Luci-
ferase assay mix (25 mM glycylglycine, 15 mM MgSO., 1
mg/ml BSA, 5 mM ATP and 1 mM D-luciferin) was added
to equal amount of protein. Luciferase activity was
measured with a Luminometer (Analytical Luminescence
Laboratory, San Diego, CA).

RT-PCR

Total cellular RNA was isolated using a Qiagen RNeasy kit
(Qiagen, Hilden, Germany) according to the manufac-
turer's instructions and 1 ng of mRNA was used in first
strand synthesis using random hexamers. First strand
buffer (0.1 M DTT, 2.5 mM dNTP, RNAase inhibitor, reverse
transcriptase) was added and incubated for 1 h at 42°C.
cDNA was amplified with 10 X PCR buffer (500 mM KClI,
100 mM Tris-HCI pH 8.3, 15 mM MgCl), 2.5 nM dNTP, Taq
DNA polymerase, (TaKaRa Taq, TaKaRa, Shiga, Japan).
PCR conditions were an initial 94°C for 5 min, followed by
cycles of 94°C, 55°C and 74°C for one minute each. PCR
products were analyzed by eletrophoresis through 1.5%
agarose gels run in TAE buffer. B-actin was used as an
internal control. Used primer sequences were as follows;
B-actin sense; 5-GTGGGGCGCCCCAGGCACCA-3', B-actin
antisense; 5'-CTCCTTCCGTCACGCACGATTTC-3', GRa
sense; 5-CCTAAGGACGGTCTGAAGAGC-3', GRa anti-
sense; 5-GCCAAGTCTTGGCCCTCTAT-3', GRp sense; 5'-
CCTAAGGACGGTCTGAAGAGC-3', GRpB antisense; 5'-
CCACGTATCCTAAAAGGGCAC-3'. IL-8 sense; 5-TTGG-
CAGCCTTCCTGATT-3', IL-8 antisense; 5'-AACTTCTCC-
ACAACCCTCTG-3". The size of amplimers: GRa 478 bp,
GRp 366 bp, IL-8 292 bp and B-actin 658 bp.

Western blot analysis

Cells were harvested and whole cell lysates were prepared
in lysis buffer (HNET; 50 mM HEPES pH 7.5, 100 mM
NaCl, 1 mM EDTA, 1% Triton X-100, 1 mM DTT, 1 mM
PMSF). Protein concentration of extracts was measured by
Bradford assay (Bio-rad laboratories, Hercules, CA). 20 ug
of protein were suspended and eletrophoresed through
12% SDS-polyacrylamide gels. Proteins were transferred
to nitrocellulose membranes, blocked in TBS tween/4%
milk, and then probed with anti GRa (BD Transduction
Laboratories) or anti GRB (Affinity Bioreagents, Golden,
CO). The location of immunoreactive complexes was
revealed by ECL.

IL-8 ELISA

ELISA (BD Biosciences, SD) was done according to the
manufacturer's instruction. Briefly, anti-human IL-8 mono-
clonal antibody was used to coat 96 well polystyrene plates
over 16 h. 200 ul of 10% FBS was added after three
washes with 0.05% Tween-20 and incubated for 1 h at
room temperature. 100 pl of samples was added and the
sealed plate was incubated for 2 h at room temperature.
Diluted biotinylated anti-human IL-8 monoclonal antibody
and avidin-HPR conjugate (100 ul, each) were added and

incubated for 1 h at room temperature. Absorbance was
measured at 450 nm by ELISA reader using TMB
substrate reagent set.

Extraction of nuclear protein

Cultured cells were trypsinized and washed once in PBS.
They were resuspended in buffer A (10 mM Hepes. pH 7.9,
1.5 mM MgCl,, 10 mM KCI, 0.5 mM DTT) and sonicated on
ice (sonifier UP200S, dr.hielscher, 40 s, amplitude 50%,
cycle 0.5). This step was repeated until no more intact cells
were observed. The resulting homogenate was centrifuged
at 2,000 rpm for 10 min, washed twice in 1 ml buffer A and
centrifuged again. The resulting pellet contains purified
nuclei. Nuclei were resuspended in buffer B (20 mM
Hepes, pH 7.9, 1.5 mM MgCl,, 0.42 M NaCl, 0.2 mM
EDTA, 25%uv/v glycerine, 0.5 mM DTT, 0.5 mM PMSF) and
the solution was incubated while shaking for further 30 min
on ice.

Histone deacetylase activity

Assays were performed using the fluorometric HDAC
activity assay from Upstate (Upstate Biotechnology, CA)
according to the manufacturer’s instructions. Briefly, 30 ug
of Hela nuclear extracts (positive control) or tested
samples were diluted in 15 pl of ddH,O; then, 10 pl of
HDAC assay buffer (25 mM Tris pH 8.0, 137 mM NaCl, 2.7
mM KCI, 1 mM MgCl,) were added, followed by addition of
15 pl of 267 puM assay substrate (acetyl-histone H4);
samples were incubated at 37°C for 1 h. Subsequently, the
reaction was stopped by adding 20 pl of diluted activator
solution and left for additional 15 min at room temperature.
Released fluorophore from the deacetylated substrate
were then read in a fluorescence spectrophotometer
(Varian, Austria; excitation = 350-380 nm and emission =
440-460 nm) within 60 min. HDAC activity was expressed
as relative OD values comparing the activity between
control and GRp overexpression.

Histone acetyltransferase (HAT) activity

HAT activity of nuclear lysates was determined by an indi-
rect ELISA for the detection of acetyl residues, according
to the manufacturer's recommendations (Upstate Biote-
chnology, CA). An aliquot of the reaction was immobilized
onto streptavidin-coated plates. Lysates were washed
twice in TBS and incubated in 50 pl of HAT assay buffer
(250 mM Tris, pH 8.0, 50% glycerol, 0.5 mM EDTA and 5
mM DTT) containing acetyl-CoA (500 uM) and biotinylated
histone H3 peptide or H4 peptide (0.5 pg) for 5 min at
30°C. Acetylated histone H3 and H4 were detected using
rabbit polyclonal anti-acetyl-Lysine antibodies. The reac-
tion was stopped by adding 50 ul of 1 M sulfuric acid.
Samples were then read in an ELISA plate reader
(Bio-Rad, CA) at a wavelength of 450 nm and 570 nm.

Chromatin immunoprecipitation assay (ChIP)

Histone H4 acetylation at the IL-8 gene promoter site was
analyzed using ChIP assay kit (Upstate Biotechnology, CA)



according to the manufacturer's instructions. Briefly,
formaldehyde was added directly to culture medium to a
final concentration of 1% and incubated for 10 min to fix
protein-DNA complexes. Chromatin pellets from these cells
sheared by sonication were pre-cleared with protein A
agarose/salmon sperm DNA (50% slurry). One portion of
the soluble chromatin was used as DNA input control, and
the remains were sub-aliquoted and then precipitated
using specific antibodies against acetylated histone H4.
DNA from the immunoprecipitated Ab-protein-DNA complex
was purified and amplified by PCR using primers specific
for the IL-8 promoter. IL-8 promoter sense; 5-TTCACC-
AAATTGTGGAGCTT-3', IL-8 promoter antisense; 5-GAA-
GCTTGTGTGCTCTGCTG-3'.

Statistical analysis

Error bars represent SD in all cases. Statistics were
performed with the Mann-Whitney U test using SPSS 11.0.
A P-value of 0.05 or less was considered significant.
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