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ABSTRACT:

Background/Aim: GATA-3 is a T cdl-specific transcription factor and is expressed in TFR but not THL
cells. It plays a critical role in TH2 differentiation and aller gic airway inflammation. The aim of the
wak was to study non-invasive tool like induced sputum provide an accurate reflection of the
inflammatory milieu in bronchial asthma as regards the expressionof GATA-3 mRNA as well as the
effect of inhaled corticosteroid therapy on GATA-3 mRNA expression.

Methods: ind iced sputum samples were collected from46 subjects (10 healthy controls, 18 ronatopic
and 18 atopic asthmatic patients). Atopy is based on positive family history and positi ve aller gic skin
test to group of common aller gens. For each sample, GATA-3 mRNA expression was detected by RT-
PCR and the induced sputum eosinophilic percentage was determined. Sputum induction was
repeated for 10 ronatopic and 10 atopic patients after 6 weeks of inhaled steroid therapy
(Beclomethasone di propionate 250 ngtwicedaily).

Results we demorstrated that 83 % of the studied untreated atopic asthmatic patients had increased
expression of GATA-3 mRNA in their induced sputum samples. In contrast, 61 % of the studied
untreated mon atopic patients had decreased expression of GATA3 mRNA in thdr induced sputum
samples. However, after long course of corticosteroid therapy both atopic and ron atopic treated
patients show negative expression of GATA-3 mRNA Additiorally, There were significant
association between GATA-3 expression in both asthmatic groups before treatment and FEV1, blood
eosinophilic count & induced sputum eosinophilic percentage. So, the severity of astima could be
reflected from the mature of GATA-3 expression in the induced sputum

Conclwsion: Induced sputum provides suffident sensitivity for examining transcription factors;
GATA-3 expressionis upregulated in atopic asthma. Corticosteroids block the action of GAT A3 as a
part of its effects. Therefore, local delivery of antisense oligonucleotides blocking GATA-3 mRNA in
atopic asthmatic patients will be at least as effective as the ad ministration of corticosteroids. In
addition, this will esca pe the numerous sid e effects of cortisteroids.
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INTRODUCTION

Asthma is a chronic pulmorary disease lymphocyte responses and increased seaetion
characterized by reversible airway obstriction of cytokires, especially T2 cytokines IL 4 and
and bronchial hyper-responsiveness. The IL-5, involved in the regulation of IgE, mast
allergic type is associated with polarization of T
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cells, basophils, and eosinophils, ultimately
leading to inflammationand disease ).

IL4 has been postulated to be critical for the
development of TH2 cells in asthmatic airways
and the reduced expression of the IL-12 receptor
82 chain on lung TH1 cells. Furthermore, it is
believed to induce IgE isotype switching in B
cells in Asthma and promotes goblet cells
metaplasia, mucws hyperseaetion, and the
recduitment of eosinophils by upregulating
vascular cdl adhesion molecule-1 expression in
pumonary vascular endothelial cells ().

IL5 pays a vital roe in the activation of
eosinophils and seems to be responsible for the
development of a number of eosinophil-
associated diseases induding brornchial asthma
@. 1t is essential for terminal differentiation of
the committed eosinophil precursor, which also
activates and prolongs the survival of the
mature cells in thetissues. A lar ge number of T
cells expressing IL-5 mRNA exist in the
bronchial muwsa of asthmatic patients and,
acoordingly, bronchoalveolar lavage fluid of
atopic and monatopic asthmatics contairs
inaeased concentration of IL-5. Serum IL5
levels are also elevated in symptomatic
asthmatics and  decreased after  oral
prednisol one therapy ©.

The production of the main TH2 cytokines, IL 4
and IL5, is mediated by the transcri ption factors
GATA-3 and cMAF. These factorsarefound at
low levels in maive T cells, and their numbers
are inaeased during TH2 pherotype activation
@. GATAS3 is a geiotropic transciption factor
of the (4 zinc finger family expressed in T cells
mast cdls, eosinophils, basophils and embryonic
brain and kidrey. It is one of the GATA family
which contains proteirs of six members (GATA
1-6) that sharea common DNA binding motif
(A/T)GATA (A/G) ®.GAT A-3 has been shown
to be essential for the devdopment of the
earliest T-cell progenitors. GATA-3 was found
to be seledivdy expressed in T2 but rot in
THL cells and to play an important role in
cytokine gene expression in T-cells. I
particdar, GATA3 1is important for the

expressionof IL-5 in T-cells by trarsactivation of
the IL-5 promoter together with Ets-1 and Ets-2
proteins.  Furthermore, GATA-3 wea Ky
transactivates the IL4 promoter in T cdls O.
Inhibition of GATA-3 expression in TH2 cells
has been associated with decreased levels of IL-
4,IL-5and IL-13 @,

In fact, an inaeased content of this protein was
recorded in the lungs of asthma matients ©.
Recent data indicate a critical role for GAT A-3
as a key regulator of bothT cdl effector function
and airway hyperresponsiveness in allergic
airway inflammation and suggest that the local
ddivery of GATA-3 antisense oligonucl eotides
may be a novel approach for the treatment of
airway hyperresponsiveness such as in
asthma®.

SUBJECTS & METHODS

The present work included: 46
classified into the following groups:

subjeds

Group I Ircluded 10 apparently healthy
subjects as a control group. They were five
males and five females and their ages ranged
from?25-57 years.

Group I Included 18 non-atopic asthmatic
patients. They were eight males and 10 females
and their ages ranged from33-65 years

Group II: Included 18 atopic asthmatic
patients. They were 11 males and7 females and
their ages ranged from 18-42 years. Atopy is
based on positive family history and positive
allergic skintest to group of commonallergens.

All the studied groups were subjected to the
following:

1-Detailed history and
examination.

2-Plain Xxay chest.

3- Urine and stool examination

4- Pulmonaryfundiontests.

5- Allergic skin test.

6- Complete blood picture and determination of
blood eosinophilic count.

through dinical
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7-Determination  of induced
eosinophilic percentage

8-Spedfic laboratory test: investigating the
expression of GATA-3 mRNA in the induced
sputum by (RT-PCR).

sputum

Induced sputum samples were taken from all
groups and it was repeated in 10 patients of
group 2 and in 10 patients of group 3 after 6
weeks  of  inhaled steroid  therapy
(Beclomethasone dipropionate 250 pg twice
daily). Pumonary function tests, complete
blood picture, determimation of induced sputum
eosinophilic percentage and the assessment of
the expression of GATA3 mRNA in the
induced sputum by RT-PCR were repeated for
those patients after 6 weeks of inhaled steroid
therapy.

Sputum induction was performed using a
modification of the method of Pin and
coworkers?).  Subjects were administered
salbutamol, 200 pg to inhibit possible
bronchocorstriction during sputum induction
followed by increasing concentrations (3%, 4%,
and 5 %) of hypertonic saline sol ution generated
by an ultrasonic nebulizer. The procedure was
interrupted every 2 min to PEFR, or FEVi.
Subjects were asked to rinse the mouth and
blow the nose to minimize contamination with
saliva and postnasal drip and alsoinstructed to
cough sputum into a sterile container. These
procedures w ere repeated sequentiallyfor 8-min
periods at each concentration unless a fall in
PEFR or FEV1 >10% occurred, in which case the
procedur ewaster mi nated.

Collection of samples: Induced sputum was
collected in autoclaved containers and divided
into 2 aliquots, one was used for determimation
of the sputum eosinophils and the other was use
for total RNA extraction and assessment of the
expression of GATA-3 by RT-PCR Two ml of
ADrI'A-anticoaggulated venous blood was
collected for complete bl ood count.

Determination of eosimophil in induced
sputumt The sputum samples weighted and
mixed with freshly prepared o1 pg/u
Dithiothreitol (DTT) in a ratio 1: 4 volume
(microliters) /weight (milligrams). The DTT-
sputum mixture was completely homogenized

and then mixed with equal volume of
Phosphate buffered saline (PBS). The mixture
was centrifuged for 5 minutes and thecell pellet
was spread ona dlide, fixed with methanol and
stained with Giemsa stain for an overall

differential cell count of 100 nonsquamous
cdls®9).

Analysis of GATA-3 mRNA expression in the
induced sputum wsing RT-PCR Total RNA was
extracde from sputum wing Qiagen RNeasy
mini spin column (RNeasy Mini Kit, Qlagen,
USA) according to the  manufacturer
irstructiors. The corcentration of RNA was
measured at 260nm (A260) absorbance. The
A260 /A280 ratio was measured to provide an
estimate of the purity of RNA, A260 /A280 ratio
greater than1.6 was acepted @9).

The extracted total RNA was transaibed into
cDNA using random hexamers (High Capacity
cDNA Kit, Appied Biosystem, USA) and
Multiscribe TM reverse trarscriptase erzyme.
The (DNA was wwsed as a template to amplify
GATA-3 wingthefollowing primers; GAT A-
3F: 55GACGAGAAAGAGIGCCTCAAGYT and
GATA-3 R 5'TCCAGAGTGIGGT TGT GGTIG
3. As normalization for sampe to sample
differences in RNA input, RNA quality, and RT
efficiency, the level of P-actin expression was
measured in each sample. GAT A-3 and Pactin
amplificaion were performed in the same
template but in different tubes. Pactin
amplification was done using the following
primers; F: 5§ TTAGCIGIGCICGC
GCTACTCIC 3" an R 5 GI'CGGATTGATG
AAACCCAGACACA 3. The amplifiation
reaction mixtures were performed in a fimal
volume of 50 ul containing 25 pl Taq PR
master mix (25 units Taqg DNA polymerase, 1x
PCR buffer, and 200 pM of each dNI'P (Taq
PCR master kit from Qiagen, Germany), 0.5 pM
of each primer, and 5ul cDNA PCR conditiors
used an iniial denaturation at 94°C for 3
minutes followed by 35 ¢cles of 30 sec
denaturation at 94°C, 30 sec annealing at 60°C,
and 1 minutes extension at 72°C, followed by a
final extersionat72°C for 10 minutes. The PR
products were resolved on 15 % agarose gel
(Sambrook etal., 1989)11)
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RESULTS

Table (1) Patients characteristic

Control Non - atopic Atopic
N=10 asthmatic asthmatic
Mean = SD N=18 N=18
Sex (M /F) 5/3 8/10 11/7
Age 4284995 47.0619.84 28.11+5.88
FEV1% of predicted 1083+10.98 75.896.078 72.7245.512
Blood eosinophilic count (cells /mmn®) 1719351 613.89+14533 860.67£130.61
Induced sputum eosinophilic % 0.161+0245 300+0.740 4344+1.033

Table 2): GATA-3 mRNAexpression in the induce d sputum by Rt-PCR inallstudied groups

GATA-3 mRNA expressionby Rt-PCR

Decreased

Nor mal

Increased

) . . Total
& pI' €s10n expr €ess10n ex pressmn
Contral N 0 10 0 10
ontr % 000 70000 000 100.00
Non-ato pic N 11 7 0 18
patients % 6111 38.89 000 100.00
toic atient N 0 3 15 18
atopic patients % 000 16.67 8333 100.00
N 1 20 15 46
Total
% 2391 4348 3261 100.00
2
Chi-square X 20.856
P-value <0.001*

*Significant P- value< 0.05
- Statistical analysis by Chi-squaretest

- N: number of subjects
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Table (3): GATA-3 mRNA expressionin the induced sputum of asthmatic patients (group I, IT) by
Rt-PCRinrelationto some parameters

Decreased Normal Increased Anova Tur key’ s test
expression expression  expression F(p) (p)
Age 40641949 394+16.07 36.2745.73 197
(years) (0107
FEV1 72.6416.04 7945.31 70.93+4.01 7.67 1<0.034*
% of pred (0.002* 2>0.171
£3<0.001*
Blood eosinophilic 709.01+9439  525+108.65  90667+99.76 43.85 1<0.001*
count (0.00D* £<0.001*
3<0.001*
Induced sputum 348+0.496 2.33+0.258 4.707+0.665 61.501 1<0.001*
eosinophilic% count (0.001)*  t<0.001*
£3<0.001*
t1 (decreased Vsnormal) to (decreased Vs increased) t (normal Vsincreased

Table (4): GATA-3 mRNA expression in the induced sputum by Rt-PCR in nonatopic asthmatics
before and after Corticoster oid treatment compared tothe control group

Non atopic
Contr ol
GAT A-3 mRNA expression Before ttt After ttt
N % N % N %

Negative expression 0 0.00 10 100.00 0 0.00
Decreased expression 11 61.11 0 0.00 0 0.00
normal expression 7 38.89 0 0.00 10 100.00
Increased expression 0 0.00 0 0.00 0 0.00
CHhi- X2 51.66
square P-value <0.00r
* Significant, P- value<005 N: number of subjects

- Statistical analysis by Chi-squaretest
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Table (5): GATA-3 mRNA expression in the induce d sp utum by Ri-PCR inatopic asthmatics before
and after Corticoster oid treatme nt compared tothe corntrol group

Atopic

GATA-3 mRNA expression Before ttt After ttt Control

N % N % N %
Negative expression 0 0.00 10 100.00 0 0.00
Decreased express. 0 0.00 0 0.00 0 0.00
Normal expression 3 16.67 0 0.00 10 100.00
Increased expression 15 83.33 0 0.00 0 0.00
Chi- X2 62359
square P-value <0.001*
* Significant, P- value<0.05 - N: number of s ubjects

- Statistical analysis by Chi-squaretest

Table (6): GATA-3 mRNA expression in the induced sputum by Rt-PCR in atopic asthmatics
compare dto non-atopic asthmaticsb oth before and after Corticoster oid therapy

Befare ttt After ttt

GAT A-3 mRNA expression Nonatopic Atopic Nonatopic Atopic

N % N % N % N %
Negative expression 0 0.00 0 0.00 10 10000 10 100.0
Decreased ex pression 11 6111 0 0.00 0 0.00 0 0.00
Normal expression 7 3889 3 1667 0 0.00 0 0.00
Increased expression 0 0.00 15 8333 0 0.00 0 0.00
Chi-square X 276

P-value <0001*

* Significant, P- value<0.05 - N: number of s ubjects

- Statistical analysis by Chi-squaretest
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Table (7): Show Receiver Operating Characteristic (ROC) curve analysis of induced sputum
eosinop hilic per centa ge with GATA-3 mRNA expressionby RT-PCR in all studiedsubjeds

ROC curve of Induce dsp tume osinophils (%) with GATA-3 mRNA

Cut off Sens.

Spec.

PPV NPV Accuracy

>28 9%.0 100.0

1000 952 9.8

Figure (1): RT-PCR analysis for GAT A3 mRNA
expression (444 bp) by agarcse gd
electrophoresis and ethidium bromide staining
shows:

Lane MW: Molecular weightladder standard (1000-100 bp)
Lanel: Induced sputum from normal healthy control subject
(noarmalexpression)

Lane2: Induced sputum from non-atopic asthmatic
patient before corticosteroid therapy (normal expression).
Lane3: Induced sputum from non-atopic asthmatic
patient before corticosteroid therapy (decreased expression).
Lane4: Induced sputum from non-atopic asthmatic
patient before corticosteroid therapy (normal expression).
Lane5: Induced sputum fron non-atopic asthmatic
patient before corticosteroid therapy (decreased expression).
Lane6: Induced sputum from non-atopic asthmatic
patient after 6 weeks of corticosteroid therapy (negative
expression).

Fgure (2): RI-PCR analysis for GAT A-3 mRNA
expression (444 bp) by agarcse gel dectrophoresis
and ethidium br omide staining shows:

Lane MW:Molecular weight ladderstandard (1000-100 bp)
Lanel: Induced sputum from nomal healthy control subject
(normal expression)

Lane2 Induced sputum from atopic asthmatic patient before
corticosterad therapy (nomal expression)

Lane3: Induced sputum from atopic asthmatic patient before
corticosteraid therapy (increased expression)

Lane4 Induced sputum from atopic asthmatic patient before
corticosteraid therapy (nomal expression)

Lane5 Indued sputum from atopic asthmatic patient before
corticosteraid therapy (increased expression)

Lane6: Indued sputum from atopic asthmatic patient after 6
weeksof corticosteroid therapy (negative expression)
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DISCUSSION
Asthma is a chronic disease characterized by
reversible airway obstrucion  bronchial

hyperresponsiveness, and airway inflammation
and remodeling. In most cases, the asthmatic
inflammatory Pprocess results from
inappropriate immune resporses to common
environmental antigens in a genetically
susceptibl e indi vidual ¢2).

The current study demonstrated that83 % of the
studied untreated atopic asthmatic patients had
inaeased expression of GAT A3 mRNA intheir
induced sputum samples In contrast, 61 % of
the studied untreated nonatopic patients had
decreased expression of GAT A-3 mRNA intheir
induced sputum samples. In addition, 100% of
the control group had normal expression the
difference was statistically signifieant between
the non-atopic and the atopic groups as
compared to the control groupand as compared
toeachother.

The red procal nature of the GAT A-3 expression
in atopics and non-atopics appeared fto
correspond to patterns of in vitro studies of T
cell differentiation systems, where cells
committed to the TH2 pathway show an
inaease in the levels of GATA-3 while THI
corditions lead to a decrease of GATA3
levels(3/14),

Recent published data showing that increased
GATA-3 expression in bronchial biopsies and
bronchoalveolar lavage cells from atopic
asthmatics®®19. Additionally allergeninduced
upregulation of GAT A-3 mRNA expression in
peripheral blood mononudear cells (BBMC) in
88 % of atopic asthmatics tested which occurred
corcomi tantly with prod udion of the cytokines
IL4, IL-5 and IL-13. Moreove, they
demorstrated downreguation of GATA3
mRNA expression in 75% of the non-atopics
tested. This appeared cnsistent with
und erlying THI1 -like r esporsi veness. The puzzle
of why this THldike resporsiveness in nomn
atopics is 1ot associated with in vivo
manifestations of delayed type hypersensiti vity
(DTH) remairs to be solved. It is likely that

some form of negative feedback within the
overall response of the nomatopics, such as
concomi tant IL-10 prod uction, may beinvol ved,
but no direct evidence onthis issue is currently
available. It is also of interest to speculate on the
mechanism(s) underlying GATA-3 down-
regulation in the nonatopic subjects. A direct
role of IL-12 in GATA-3 repression has been
proposed. However, a recent study failed to
observe a decrease in GAT A3 expression
following cul ture with IL-12. It may be possible
that interaction with other TFs, such as the
recenly described repressor of GATA (ROG
and T-bet play an active role in GATA3
repression (14),

Taha et al,® demonstrated that higher
expression of IL-4Rq, IL-5Ra, GAT A-3, c-M AF
and STAT6 in induced sputum samples
obtained from atopic asthmatics in relation to
those of healthy control subjeds. These findings
provide dear evidence that, in addition to the
expression of the soluble mediators that have
been reported previously, cell surface receptors
and intracell uar TFs can also be detected within
samples of induced sputum Furthermore, it
illustrated the close relationship that exists
between the expression of TH2 cytokire
receptors and the related TFs. It is clear that
GATA-3 is necessary for the expression of IL-5,
and the inhibition of its expression inTH2 cells
has been associated with decreased levels of IL-
5IL-4and IL-13.

But the study of Christodoulopoulos et d., 17),
the first scientists to characterize and compare
the expression of the TH2 cytokine-associa ted
transcaription factors in bronchial tissue
specimens in atopic and nonatopic asthmatics,
found that GATA-3 and cM AF are upregula ted
inasthma, regardless of the atopic status.

In the present study, there was no assodation
between GATA-3 mRNA expression in the
induced sputum and the age of the asthmatic
patients as wel asno association could be found
between its expression and certain sex of the
ircluded patients. However, there was
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significant association between GAT A3 mRNA
expressionin the ind uced sputum and FEV1. So,
the severity of asthma coud be reflected from
the nature of GATA-3 expression intheinduced
sputum. This result is in agreement with the
study of Nakamura et d., (°) which repor ted that
the number of cells expressing GATA3
transcri pts correlates significantly with reduced
airway caliber and airwa ys hy perres ponsi veness
inasthma tic subjects.

The present study also demonstrated a
significant association between GAT A3 mRNA
expression in the induced sputum and blood
eosinophilic count as well as induced sputum
eosinophilic percentage. There was no previows
study had demonstrated this association
however, the study of Taha et d., (2003) @ which
illistrated the close relatiorship that exists
between the expression of TI2 cytokire
receptors and the related TFs and that GAT A3
is necessary for the expression of IL-5, and the
inhibition of its expressionin TH2 cells has been
associated with decreased levels of IL-5, IL4
and IL-13.

Glucocorticids are used to treat chronic
inlammatory diseases such as asthma.
Glucooor ticid binding to its receptor (GR) can
have a dual effect on gene tramscription
Adivated GR can adivate transcription
(transactivation), or by interacting with other
transcription factors such as NF-kappaB
suppress trarmscription (trarsrepression) of
target genes(®). Recently, the major anti-
inflammatory effects of glucocorticoids appear
to be due largely to interaction between the
activa ted glucocorticoid  receptor  and
transcription factors, notably NF-kappaB and
activa tor protein-1 (19).

In the present study after 6 weeks of inhaled
corticosteroid therapy, all the treated patients
either in the non-atopic or the atopic groups had
negative expression of GATA-3 mRNA. The
difference was statistically signifiant between
GATA-3 mRNA expressions in the induced
sputum by RtPCR before steroid therapy in
atopic asthmatics in comparison to non-ato pic

asthmatics. How ever, there is no differerce in
GATA-3 mRNA expression in the induced

sputun by Rt-PCR after steroid therapy
betw een the two groups.

It is evident that corticosteraids potently
suppress TH2 cytokine gene expression as an
important part of its therapeutic role in atopic
asthma ®). So, intrapulmorary blockade of
GATA-3 expression could cause an abrogation
of signs of lung inflammation including
irfiltration of eosinophils and TH2 cytokines
production and this antisensedinduced bl ockade
of GATA-3 will be at least as effective to
suppress  lung  inflammation as  the
admi ristrati on of corticos ter oids @

Finally, this and similar studies open up new
avenues for future research in this and related
areas of disease immunopathogenesis. In
rdation to allergy, it is becoming clear that the
disease irwolves aberrant expression of a range
of TH2 -associated cytokines, and it a ppears that
therapies targeted at single cytokine will not
have broad efficacy. The possibility of targeting
upstream events in the discase process, as
exemplified by the potential role of GATA-3 in
regulating a range of TH2 cytokine genss,
provides  alterratives for future drug
development. While specific pharmacological
tools to test this possibilityinhumans are yet to
be developed, it is important to know that an
experimental model of atopic asthma, in which
expression of a dominant-negative mutant of
GATA-3 in mice in a T cédl specific fashion led
to concomitant down-regulation of IL-4, IL-5
and IL-13, and parallel attenuation of asthma-
like manifestatiors and IgE produdion This
provides important proof-of-prirciple for the
approach(4),

CONCLUSION

Induced sputum provides sufficient sensitivity
for examining transaiption factors; GAT A-3
expression is upreguated in atopic asthma.
Corticosteroids block the action of GATA-3 asa
part of its effects. Therefore, local delivery of
antisense oligonucleotides bocking GAT A3
mRNA in atopic asthmatic patients will be at
least as effective as the administration of
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corticosteroids. In addition this will escape the
numerous sid e effects of corticosteroids.
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