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Summary

T-bet is a novel transcription factor regulating lineage commitment of T
helper (Th) lymphocytes to a predominant Th1 phenotype. Previous studies
on T-bet and asthma focused mainly on bronchial biopsy specimens. This
study assessed the relationship between T-bet expression and levels of selected
chemokines in the peripheral blood of asthmatics. Blood was collected from
24 steroid-naive asthmatics, 39 asthmatics on inhaled corticosteroid and 32
age- and sex-matched controls for assay of T-bet expression, specific IgE and
chemokines (interferon-gamma inducible protein-10 (IP-10/CXCL10),
monokines induced by interferon-gamma (MIG/CXCL9), monocyte chemo-
tactic protein-1 (MCP-1/CCL2), regulated upon activation normal T cell
expressed and secreted (RANTES/CCL5) and interleukin-8 (IL-8/CXCL8)
levels. T-bet mRNA expression was assessed by real-time quantitative reverse
transcription–polymerase chain reaction (RT–PCR). Chemokine levels were
assessed by immunofluorescence flow cytometry. The mean (s.d.) age and
forced expiratory volume in 1 s (FEV1)% predicted of the asthmatics were 43·6
(14·6) years and 85·9 (20·0)%, respectively. The median (IQR) T-bet expres-
sion after normalization with b-actin was suppressed in asthmatics versus
controls [asthmatics 0·71 (0·59) versus controls 1·07 (1·14), P = 0·03].The
median (IQR) of plasma RANTES was elevated, whereas IP-10 was suppressed
in asthmatics versus controls (RANTES: 13 658·0 (13673·3) versus 6299·5
(19 407·8) pg/ml, P = 0·03; IP-10: 1047·6 (589·8) versus 1306·4 (759·9) pg/ml,
P = 0·001). There was a weak and negative correlation between T-bet expres-
sion and RANTES level in the asthmatics (r = –0·29, P = 0·032). T-bet could be
measured in peripheral blood and its expression was suppressed in
asthmatics. This is in keeping with asthma being a predominantly Th2 disease
and T-bet probably plays a role in the pathogenesis of asthma. Further studies
are needed to explore the potential application of peripheral blood monitor-
ing of T-bet.

Keywords: asthma, chemokines, peripheral blood, T-bet expression

Accepted for publication 14 December 2006

Correspondence: Dr Fanny W. S. Ko, Depart-

ment of Medicine and Therapeutics, Prince of

Wales Hospital, 30–32, Ngan Shing Street,

Shatin, NT, Hong Kong SAR.

E-mail: fannyko@cuhk.edu.hk

Introduction

Asthma is a disease characterized by reversible airflow
obstruction. Airway inflammation is a key factor in asthma
that leads to increasing airway hyperresponsiveness and
bronchospasm [1]. The regulation of T helper (Th) cells is
important in the pathogenesis of asthma [2]. Th1 and Th2
cells develop from naive T cells during an immune response.
Szabo et al. discovered a transcription factor that plays an
important role in Th cell differentiation [3]. This transcrip-
tion factor is named T-bet, a member of the T-box family,

and its expression is limited primarily to the immune system
in regulating lineage commitment of Th cells to a predomi-
nant Th1 type. T-bet not only induced interferon (IFN)-g,
the hallmark Th1 cytokines, to produce Th1 phenotype, but
it also repressed interleukin (IL)-4 and IL-5 production from
differentiated Th2 cells [4,5].

In animal studies of mice with deliberately disabled T-bet
genes (T-bet–/– knock-out mice), the bronchi of the mice
were infiltrated with eosinophils and lymphocytes and
showed airway remodelling typical of allergic asthma even in
the absence of allergic sensitization [6]. Bronchoalveolar

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/j.1365-2249.2006.03315.x

526 © 2007 British Society for Immunology, Clinical and Experimental Immunology, 147: 526–532

mailto:fannyko@cuhk.edu.hk


lavage fluid (BAL) of these mice also contained increased
amounts of Th2 cell-secreted cytokines. There was also a
systemic deficiency of IFN-g and a global increase in Th2
cells in these mice [4]. Finotto et al. also demonstrated a
decreased expression of T-bet in lymphocytes of human
asthmatic lung tissues when compared with control lungs
using immunohistochemical staining with monoclonal anti-
body to T-bet [6].

Chemokines, also known as chemotactic cytokines, are
small heparin-binding proteins that direct the movement of
circulating leucocytes to sites of inflammation or injury [7].
There are currently about 50 different human chemokines,
which are divided into four families based on their molecular
structures and positions of the two cysteine (C) residues: CC,
CXC (alpha), C and CX3C [8]. Previous studies have shown
that chemokines and their receptors are related to asthma
[9,10]. Chemokines such as IFN-g inducible protein-10
(IP-10 or CXCL10) and monokines induced by IFN-g (MIG
or CXCL9) can attract Th1 cells through the CXCR3 recep-
tors, thus enhancing the polarization of T lymphocyte
recruitment [11,12]. Regulated upon activation normal T
cell expressed and secreted (RANTES or CCL5) is an impor-
tant attractant for eosinophils and is up-regulated in the BAL
of asthmatic children when compared with controls [13].
Following endobronchial allergen challenge, levels of
RANTES and monocyte chemotactic protein-1 (MCP-1 or
CCL2) were found to increase in the allergen-challenge site
when compared to the saline-challenged control site in the
asthmatic airway [14]. IL-8 or CXCL8 is a potent chemoat-
tractant for neutrophils and is related to airway inflamma-
tion in patients with asthma. A study on hypertonic saline
challenge of the asthmatics found that neutrophils in the
sputum correlated with the sputum IL-8 level [15]. We have
assessed previously the above-selected chemokines (MCP-1,
RANTES, IL-8, MIG and IP-10) and their receptors (CCR3,
CCR5 and CXCR3) in asthmatic subjects and found that
plasma concentration of IP-10 was significantly lower while
that of RANTES and the expression of CCR3 were higher in
asthmatic patients [16].

So far no there are data on T-bet expression in the periph-
eral blood of asthmatics and controls. As T-bet plays a role in
the determination of the fate of naive Th cell differentiation
to Th1 and Th2 cells, it is potentially a target for therapeutic
intervention in asthma [17,18]. Because both T-bet [19] and
chemokines are crucial for the trafficking of T cells, we
would like to assess their relationship in the same study.
Sampling T-bet from peripheral blood is more convenient
and non-invasive than sampling from lung tissues. This
study aimed to study whether T-bet expression could be
assessed in the peripheral blood of asthmatic and control
subjects. In addition, we examined any relationship between
T-bet and chemokines in the peripheral blood of the asth-
matics (including IP-10, MIG, RANTES, MCP-1 and IL-8).
We hypothesized that T-bet could be measured in the
peripheral blood of asthmatics and control subjects, and its

level would be lower in asthmatics than controls as asthma is
a predominantly Th2 disease.

Methods

This was a cross-sectional case–control study involving 63
asthmatics [34 steroid-naive and 39 on inhaled corticoster-
oid (ICS)] and 32 sex- and age-matched controls. Adult asth-
matics aged � 18 years were recruited from the asthma
clinic of the Prince of Wales Hospital, a university teaching
hospital. Asthma was diagnosed according to the British
Thoracic Society criteria [20]. All asthmatic subjects should
have a diagnosis of asthma established in the past based on
symptoms (wheeze, shortness of breath, cough or chest
tightness), together with lung function measurements
showing significant reversibility to bronchodilator [forced
expiratory volume in 1 s) (FEV1) � 15% (and 200 ml)
increase after 400 mg salbutamol given by metered dose
inhaler with spacer]. The asthmatics should be either life-
long non-smokers or ex-smokers for at least half a year and
with a smoking history of less than 5 pack-years. Their
asthma control was stable with no increase in usual asthma
symptoms and no change of asthma medications for 8 weeks
prior to the study. Current cigarette smokers or subjects on
systemic corticosteroids were excluded from this study. Sex-
and age-matched non-smoking volunteers free of respira-
tory diseases and without respiratory tract infections for at
least 8 weeks prior to the assessment were recruited as
control subjects. This study was approved by the clinical
research ethics committee of The Chinese University of
Hong Kong and informed consent was obtained from all
participants.

Spirometry (Vitalograph, Model S, Buckingham, UK) of
the asthma subjects was measured according to the Ameri-
can Thoracic Society standards [21]. Updated normograms
were adopted to calculate the predicted lung function of the
subjects [22]. Asthma symptoms were recorded and the
asthma severity was graded from 1 to 4 according to the
symptoms classification by the GINA guideline [1]. Patients
with symptoms less than once a week or nocturnal symp-
toms less than twice a month were given a score of 1. A score
of 2 was given to patients with symptoms > once/week or less
than once/day. A score of 3 was given to patients with daily
symptoms or nocturnal symptoms > once/week whereas
patients with daily symptoms, or frequent nocturnal symp-
toms, or limitation of physical activity due to asthma were
given a score of 4.

Nine ml of ethylenediamine tetraacetic acid (EDTA)
venous blood and 5 ml of clotted blood was taken from the
subjects for measurement of T-bet, chemokines, specific IgE
and total IgE assay. Peripheral blood mononuclear cells
(PBMC) were isolated from EDTA blood by Ficoll-Paque
density gradient centrifugation (Amersham Pharmacia
Biotech Ltd, Uppsala, Sweden). Total RNA was extracted
immediately from PBMC and stored for T-bet assay. Plasma
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and serum samples were preserved at -70°C for subsequent
chemokines, specific IgE and total IgE assay.

T-bet expression measurement

Total RNA of blood was extracted by RNeasy Mini Kit
(Qiagen Inc., Ontario, Canada), following the manufactur-
er’s instructions. All specimens were pretreated with deox-
yribonuclease I (Invitrogen TM, Life Technologies, Carlsbad,
CA, USA) and stored at -70°C.

For each reaction, approximately 0·5 mg of RNA was
reverse-transcribed to complementary DNA (cDNA) with
Superscript II Rnase H– reverse transcriptase (Invitrogen
TM, Life Technologies, Carlsbad, CA, USA). T-bet mRNA
expressions were quantified by the real-time quantitive
(Q)PCR with the use of ABI Prism 7700 Sequence Detector
System (Applied Biosystems, Foster City, CA, USA). The
primer and probe sequences of human T-bet were synthe-
sized according to a published report [23]: forward primer:
5′-CAA CAA CCC CTT TGC CAA AG-3′, reverse primer:
5′-TCC CCC AAG CAG TTG ACA GT-3′ and the probe:
5′-6FAM-CCG GGA GAA CTT TGA GTC CAT GTA CGC-
TAMRA-Q-3′ were synthesized by Applied Biosystems. In
the primer sequence, 6FAM was 60 carboxyflurorescein and
TAMRA was N,N,N′,N′-tetramethyl-6-carboxyrhodamine.
PCR amplifications were performed in a 20 ml volume at
50° C for 2 min, 95°C for 10 min followed by 40 cycles of
95°C for 15 s and 60°C for 1 min. Each sample was run in
duplicate. Results were analysed with the Sequence Detec-
tion Software version 1·7 (Applied Biosystems).

Relative standard curves of T-bet and b-actin were pre-
pared separately in each PCR run to normalize data (with
beta-actin) for quantifying and comparing the relative
expression of T-bet across batches of reactions. Complemen-
tary DNA derived from phorbol 12-myristate 13-acetate
(PMA)-stimulated human white cells was used for generat-
ing relative standard curves. For each sample, the relative
amount was calculated using linear regression analysis from
their respective standard curves. A relative T-bet expression
value was then obtained by dividing T-bet value by the
b-actin mRNA value. T-bet expression was expressed as a
ratio of normalization with b-actin.

Serum allergen-specific IgE

The measurement of serum specific IgE to house dust mites
(Dermatophagoides pteronyssinus and the allergen protein
from the house dust mites Der p1), dog, cat, mixed cock-
roaches and mixed moulds was performed by fluorescence
enzyme immunoassay (FEIA) (AutoCAP analyser; Pharma-
cia Diagnostics AB, Uppsala, Sweden) [24]. Subjects with one
or more positive results on the above allergen-specific IgE
were considered as atopic. Sensitization to local pollens was
not tested due to its very low prevalence in our locality [25].

Plasma chemokine measurement

Plasma was stored at -70°C until measurement of chemok-
ines. The chemokines IP-10, MIG, MCP-1, RANTES and IL-8
concentrations were assessed by flow cytometry using the
human chemokine cytometric bead array (CBA) kit (Becton
Dickinson Biosciences Pharmingen, Santa Fe, CA, USA),
according to the manufacturer’s instructions. Samples were
read by a three-colour Becton Dickinson fluorescence acti-
vated cell sorter (FACS)CaliburTM flow cytometer and analy-
sed using BD CellQuestTM software and BDTM CBA Software.
The assay sensitivities of these five chemokines were 2·8, 2·5,
2·7, 1·0 and 0·2 ng/l, respectively. The coefficients of variation
for all chemokine assays were less than 10%.

Data were analysed by the spss software for Windows,
version 11·5 (SPSS Inc., IL, USA). The levels of the T-bet and
chemokines were compared between the asthmatics and
controls by Mann–Whitney rank sum test or Kruskal–Wallis
test as appropriate. Correlation of the T-bet expression,
chemokine levels, lung function, total IgE and eosinophil
count were assessed by Spearman’s rank correlation test. A
P-value of < 0·05 was considered as statistically significant.

Results

The demographic data of the subjects are shown in Table 1.
The asthmatics and controls were age- and sex-matched. The
subjects generally had satisfactory lung function with a mean
FEV1% predicted value of > 80%. For those patients who
were on ICS, the mean (s.d.) daily dosage was 1144·6 (661·2)
mg beclomethasone dipropionate equivalent. Among the
asthmatics on ICS, 11 (28·2%) were on inhaled long-acting
beta-agonist (LABA). None of the steroid-naive asthmatics
were on LABA and all the asthmatic subjects were on either
theophylline or leukotriene antagonists. Sixty-seven per cent
of the asthmatics were atopic as defined by positive specific
IgE. The dominant allergen among atopic asthmatics in this
study was house dust mite.

The T-bet expression and plasma IP-10, MIG, MCP-1,
RANTES and IL-8 concentrations are shown in Table 2. As
also illustrated in Fig. 1, T-bet expression was lower in the
asthmatics than the controls [median (IQR) value 0·77
(0·50–1·09) versus 1·07 (0·53–1·67), P = 0·03], which was
suppressed mainly in the steroid-naive asthmatics, with
median values of 0·64 (0·25–1·03), P = 0·03. There was a
trend for a lower T-bet level in the asthmatics on ICS com-
pared to controls (median values for asthmatics on ICS and
controls were 0·84 (0·53–1·10) and 1·07 (0·53–1·67),
respectively). However, this did not reach statistical signifi-
cance (P = 0·11). The raw PCR data for both b-actin and
T-bet are shown in Fig. 2. The molecular size of the T-bet
PCR product and b-actin were 105 and 295 base pairs,
respectively. IP-10 concentration was found to be lower in
the asthmatics than the controls [median 1047·6 (696·0–
1285·7) versus 1306·4 (1059·9–1819·8) pg/ml, P = 0·001].
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The reverse was noted for the RANTES level in which the
asthmatics had a significantly higher level [13 657·9 (6593·1–
20 266·4) versus 6299·5 (452·8–19 860·6) pg/ml, P = 0·03].

Among the measured parameters, T-bet expression in
asthmatics was found to correlate negatively with RANTES
concentration (r = –0·29, P = 0·03) (Fig. 3). When the asth-
matics were stratified into the steroid-naive and asthmatics
in the ICS group, no statistically significant correlation was
observed between T-bet and RANTES in either group. The
level of T-bet also did not correlate with the level of IP-10,
MIG, MCP-1 and IL-8 in all the asthmatics, steroid-naive
asthmatics or asthmatics on ICS. In addition, T-bet expres-
sion in the asthmatics had no correlation with the lung func-
tion (FEV1, FEV1% predicted and ratio of FEV1/FVC),
eosinophil count and symptom score. When the asthmatics
were divided into atopic and non-atopic groups, no correla-
tions between the T-bet concentration and the chemokines,
lung function, eosinophil count and symptom score were
observed in both the atopic or non-atopic group, except that
in the atopic group T-bet had a negative correlation with
RANTES (r = – 0·39, P = 0·02).

Discussion

To the best of our knowledge, this is the first controlled study
of the T-bet gene mRNA expression in the peripheral blood

of asthmatics quantitatively by RT–PCR. We have shown that
patients with asthma had a significantly lower level of T-bet.
Previous studies have assessed T-bet in bronchial biopsy
specimens in both humans and mice [4]. Apart from the
lungs, T-bet mRNA could be assayed in urinary sediment,
and the elevated T-bet expression in patients with active
lupus nephritis was found to decrease in the urinary sedi-
ment in parallel with a reduction in lupus activity after treat-
ment by immunosuppressants [26]. Our finding of a lower
T-bet level in the peripheral blood of asthmatics was consis-
tent with the finding of a previous study using the mouse
model. The knock-out of T-bet would lead to spontaneous
development of airway hyperresponsiveness and other
changes consistent with asthma in the animal’s airway [6]. It
is interesting that, for asthma, the changes of T-bet mRNA
expression occurred not only in lung tissues, but could also
be measured in the systemic circulation.

We observed a lower T-bet mRNA expression in the
steroid-naive asthmatics than in controls. The same trend
occurred in those asthmatics on ICS, but the difference did
not reach statistical significance when compared with
controls. There was also a trend for a higher T-bet level in the
asthmatics on ICS when compared to the steroid-naive
asthmatics. In vitro study of stimulated human CD4 cells
found that dexamethasone could inhibit the induction of
T-bet [27]. As our study was a cross-sectional study that

Table 1. Demographic characteristics of the asthmatic patients and controls.

Steroid-naive asthma

(n = 24)

Asthmatics on ICS

(n = 39)

All asthma subjects

(n = 63)

Control

(n = 32)

Age (years) 42·2 � 12·3 44·5 � 15·9 43·6 � 14·6 41·9 � 12·6

Sex (male/female) 9/15 20/19 29/34 11/21

FEV1 (L) 2·41 � 0·81 2·34 � 0·88 2·37 � 0·85 –

FVC (L) 2·91 � 0·98 2·83 � 1·04 2·86 � 1·01 –

FEV1 (% predicted) 90·1 � 20·0 83·3 � 20·0 85·9 � 20·0 –

FVC (% predicted) 90·1 � 18·5 81·8 � 17·4 84·9 � 18·2 –

Symptoms score 2·0 � 0·9 1·9 � 0·9 2·0 � 0·9 –

Atopy [n (%)]† 15 (62·5) 27 (69·2) 42 (66·7) 14 (43·8)*

Serum IgE level (kIU/l) 253·8 � 241·3 309·4 � 437·1 287·9 � 372·4 227·1 � 430·1*

Serum esoinophils (¥ 109/l) 0·30 � 0·25 0·36 � 0·49 0·34 � 0·41 –

% Eosinophils (%) 4·50 � 3·05 4·36 � 3·26 4·42 � 3·16 –

Data were presented as n (%) or mean (s.d.). †Atopy was defined by positive specific IgE assay from blood. ICS = inhaled corticosteroid. *P < 0·05

compared all asthma to control subjects.

Table 2. T-bet expression and plasma inducible protein-10 (IP-10), monocyte chemotactic protein-1 (MCP-1), monokines induced by interferon-g
(MIG), regulated upon activation normal T cell expressed and secreted (RANTES) and interleukin-8 concentrations in asthmatic patients and controls.

Steroid-naive asthma Asthma on ICS All asthmatics Control

T-bet 0·64 (0·25–1·03)** 0·83 (0·53–1·10) 0·71 (0·50–1·09)† 1·07 (0·53–1·67)

IP-10 (pg/ml) 1234·7 (955·4–1518·4)* 865·9 (679·5–1073·8)† 1047·6 (696·0–1285·7)‡ 1306·4 (1059·9–1819·8)

MCP-1 (pg/ml) 85·6 (55·4–117·6) 76·7 (40·6–115·6) 81·35 (50·0–113·8) 67·6 (43·5–90·1)

MIG (pg/ml) 331·0 (183·2–580·8) 270·5 (194·5–349·5) 278·1 (190·3–438·7) 271·6 (194·5–465·4)

RANTES (pg/ml) 12959·1 (7021·4–20240·0)** 14734·1 (5631·3–20361·1) 13658·0 (6593·1–20266·4)‡ 6299·5 (452·8–19860·6)

IL-8 (pg/ml) 5·23 (3·77–16·26) 5·28 (3·53–17·76) 5·27 (3·56–17·60) 5·57 (4·01–18·22)

Values are presented as median (interquartile range). ICS = inhaled corticosteroid. *Comparison of the steroid-naive asthmatics and asthmatics on

ICS: P < 0·05; **comparison of the steroid-naive asthmatic and controls: P < 0·05; †comparison of asthma on ICS versus controls: P < 0·05; ‡comparison

of the all asthmatic and control group: P < 0·05. IL: interleukin.
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sampled only blood from patients without taking any speci-
mens from the airway, we could not assess whether ICS had
any direct effect on T-bet expression in the lungs and thus in
the systemic circulation. Previous studies have found that

T-bet polymorphism was associated with airway hyperre-
sponsiveness in children with asthma [28]. In addition,
strong genetic influence on T-bet expression was observed in
a twin study. Intrapair T-bet variability was high among
dizygotic twins, whereas variability was very low among
monozygotic twins [29]. A recent study has found that the
genetic variation of T-bet (non-synonymous variation in the
T-box21 coding for replacement of histidine 33 with
glutamine) was associated with greater ICS responsiveness
and lower bronchial hyperresponsiveness (as measured by
the concentration of PC20) in the asthmatic children [27]. It
is thus possible that T-bet expression is determined by genet-
ics, and the genetic variants may affect both the degree of
bronchial hyperresponsiveness and steroid responsiveness in
the asthmatic airway.

We have assessed several chemokines in this study. Previ-
ous studies have found that mice undergoing Th1-polarized
inflammation showed preferential expression of T-bet and
other chemokines such as IP-10 and macrophage inflamma-
tory protein 1 alpha (MIP-1-a) [30]. We noted that IP-10
was suppressed in the asthmatics in this study when com-
pared with controls and this finding is consistent with our
previous study [16]. As asthma is believed to be a Th2-
related disease, with the Th1/Th2 balance, the finding of
lower IP-10 in asthmatics was consistent with previous
observations that the levels were higher in Th1 diseases.
However, no correlation between T-bet and IP-10 was
observed in this current study. A recent bronchoscopic study
from patients with moderate-to-severe asthma has reported
that 2 weeks of systemic steroid therapy could up-regulate
the expression of IP10 and IL-8 in the endobronchial biopsy
specimens [31]. Such a trend of up-regulation of IP-10 or
IL-8 was not observed in our asthmatics who were on ICS.

Plasma RANTES was found to be elevated in the asthmat-
ics when compared to controls. In addition, RANTES
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concentration had a negative correlation with T-bet expres-
sion in the peripheral blood of asthmatics. RANTES is a
member of the CC chemokine family, and is chemotatic for
T cells and monocytes [32]. In addition, it is a potent eosi-
nophil chemoattractant [33–35]. Previous studies have
shown that RANTES were increased in the bronchoalvelar
lavage fluid of children with asthma [13] and in sputum of
adult asthmatics whose asthma control was poor [36]. In
addition, the level of RANTES was found to correlate with
the asthma severity score [16]. As RANTES is so closely
related to asthma and allergic diseases, which are Th2-
dominated diseases, it is not surprising that that its level
correlated negatively with the level of T-bet which is impor-
tant for development of the Th1 phenotype. In this current
study, T-bet levels correlated negatively with atopic asthmat-
ics but not in the non-atopic asthmatics. Systemic steroid
and antihistamine could modulate the release of RANTES
from the cultured peripheral mononuclear cells from atopic
asthmatics [37]. It is possible that the role of RANTES in the
atopic asthmatic airway is more dominant when compared
to the non-atopic asthmatics.

There are several limitations in this study. First, we
assessed only the peripheral blood of the subjects without
concomitant assessment of the airway by invasive methods
such as bronchoalveolar lavage and biopsy. We thus could
not correlate the changes in T-bet and chemokine levels in
blood directly with the changes within the airway. Secondly,
as this was a cross-sectional study, the effect of ICS on T-bet
and chemokines could not be assessed. Th1 and Th2
immune responses have been studied traditionally by mea-
suring intrinsic or extrinsic cytokine production. Instead of
examining the downstream cytokine production, the main
objective of our present study focuses on investigating
upstream transcription factors of T-bet that control the
spectrum cytokine/chemokine productions. We have thus
used RT–PCR measurement of T-bet and chemokine assays
to provide an immediate snapshot of chemokine status
reflecting the in vivo physiological condition.

As T-bet is an important transcription factor in determin-
ing the differentiation of Th cells, it is a potential therapeutic
target in asthma. Oral administration of pulverized Konjac
glucomannan (PKGM) in mice has been shown to attenuate
the induction of epsilon germline transcription and also the
mRNA for IFN-g and T-bet in the spleen [38]. Our finding
that T-bet mRNA expression could be measured in periph-
eral blood has suggested a potential role of monitoring the
blood T-bet level in asthmatics as a non-invasive research
tool instead of using lung biopsy.

In conclusion, this study has demonstrated that T-bet
mRNA expression could be measured in the peripheral
blood of human subjects. The T-bet mRNA expression was
lower in asthmatics than in controls. In addition, T-bet cor-
related negatively with RANTES in the peripheral blood of
asthmatics, particularly in atopic subjects. As T-bet is the
master control for the differentiation of Th cells into Th1 or

Th2 subtypes, it is a potential therapeutic target for asthma.
Further studies are needed to assess the correlation of T-bet
expression in the peripheral blood and airway of asthmatic
subjects.
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