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Abstract

The pathogenesis of bronchial asthma is chronic airway inflammation caused by immune cells such as T lymphocytes and
eosinophils. Eosinophils release cytotoxic products including reactive oxygen species at the site of inflammation, leading to epithelial
damage. Human thioredoxin (TRX), a redox-regulating protein with antioxidant activity, is induced and secreted from cells by
oxidative stress. This study was undertaken to investigate the clinical significance of TRX in the pathogenesis of asthma. We
collected blood samples from 48 patients with bronchial asthma with or without attack, and measured serum ECP and pulmonary
function as well as serum TRX. The serum TRX levels in patients with asthma were significantly increased in patients with mild
(34.63 [28.40—42.73] ng/ml, medians with 25 and 75% interquartiles, P =0.0064) and moderate (38.83 [35.14—50.80] ng/ml, P =
0.0017) asthma attacks compared with those during the asymptomatic period. The serum TRX levels were inversely correlated with
FEV, % (r= —0.44, P =0.039) and %PEF (r = —0.49, P =0.020) during attack. There was a significant correlation between the
serum TRX and the serum eosinophil cationic protein (rs = 0.32, P = 0.016). These findings suggest that serum TRX is related to the

state of asthma exacerbation and allergic inflammation.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The pathogenesis of bronchial asthma is chronic
airway inflammation caused by immune cells, involving
T lymphocytes and eosinophils [1,2]. The activation of
eosinophils by cytokines and chemoattractants is a
critical event in the allergic inflammatory response.
Eosinophils are recruited from the circulation into
inflammatory foci by chemoattractants such as C5a,
platelet-activating factor, and C-C chemokines. IL-5
prolongs eosinophil survival and primes other functions
in the tissue. At the site of inflammation, eosinophils
release cytotoxic products including eosinophil granule
proteins and reactive oxygen species (ROS) causing
epithelial damage [1,2]. We and others have shown that
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eosinophil-active cytokines and chemoattractants elicit
the production of ROS from eosinophils [3—5]. Con-
sistent with the aforementioned findings, eosinophils in
bronchoalveolar lavage fluid (BALF) from subjects who
underwent allergen challenge spontaneously produce
prominent amounts of superoxide anions [6]. The
quantity of oxidants appears to be increased at the
inflammatory sites of asthma, leading to the formation
of antioxidant defenses that neutralize the effect of
oxidants [7]. One example of this phenomenon is the
enhanced glutathione level in BALF obtained from
patients with asthma [8].

Thioredoxin (TRX) containing a redox-active disul-
fide (-Cys-Gly-Pro-Cys-) was originally discovered in
Escherichia coli as a hydrogen donor for ribonucleotide
reductase [9]. Human TRX produced by human T-cell
leukemia virus-1 (HTLV-1) transformed T-cells was
cloned as adult T-cell leukemia-derived factor (ADF)
[10]. By thorough investigations accomplished during
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Table 1

Clinical characteristics of patients with asthma

Number 48

Age (years) 48.9+16.5

Male/female 26/22

Attack Remission: 30, mild: 19 (7)%, moderate: 7 (1)*

Severity Intermittent: 21, mild persistent: 20, moderate persistent: 7°

Atopy Atopy: 33, non-atopy: 15
Treatment during remission®

Inhaled steroid 28 (58.3%)

Maintenance oral predoni- 5 (10.4%)
solone

Alternative treatment

Methylxanthine: 35 (72.9%), seratrodust: 9 (18.8%), pranlukast: 2 (4.2%), oxitropium bromide: 2 (4.2%), azelastine:

2 (4.2%), oral B, agonist: 2 (4.2%), tazanolast: 1 (2.1%), suplatast tosilate: 1 (2.1%)

Age is expressed as mean+S.D. Other data are expressed as number with percent in parentheses.
% The number of patients evaluated during both attack and asymptomatic periods is presented in parentheses.
® Disease severity of asthmatic patients with attack was evaluated in their asymptomatic period.

¢ All patients were treated with inhaled B, agonist, when required.

more than a decade, TRX is currently known to possess
both intracellular and extracellular activities. The for-
mer includes antioxidant activity which regulates redox-
sensitive molecules such as NF-kB, AP-1, and gluco-
corticoid receptors. In contrast, TRX exhibits extra-
cellular cytokine-like activity similar to IL-2Ra chain
induction [11]. Recent studies have shown that TRX is a
potent chemoattractant for neutrophils, monocytes, T-
cells, and eosinophils [12,13]. Clinically, TRX appears to
play a crucial role in the control of oxidative stress in
many diseases. TRX is involved in infection by various
viruses as well as HTLV-1, and in a variety of human
cancers [14—17]. Autoimmune diseases including rheu-
matoid arthritis (RA) and Sjégren’s syndrome are
associated with increased levels of TRX [18,19]. In
addition, acutely elevated circulating TRX appears to
be beneficial to reduce inflammation. For example,
circulating TRX markedly blocks migration of neutro-
phils into the lipopolysaccharide-stimulated air pouch in
mice with elevated TRX levels [20].

In this study, we measured the serum levels of TRX in
asthmatic patients to investigate its clinical roles.
Increased serum TRX levels were observed in patients
with asthma attacks and associated with loss of lung
functions and eosinophil activation.

2. Materials and methods
2.1. Study subjects

We collected blood samples from 48 patients with
bronchial asthma (Table 1). Asthma was diagnosed
according to the criteria of the American Thoracic
Society [21]. None of the patients with asthma had
complications of other lung diseases, or had a history
suggesting systemic viral infection, tumors, or autoim-
mune diseases. Disease severity of asthma and severity

of asthma attack were classified according to the
NHLBI/WHO Workshop on the Global Strategy for
Asthma (GINA guidelines) [22]. All patients with atopic
asthma showed a positive radioallergosorbent test
(RAST) (specific immunoglobulin E (IgE) >class 3), a
positive skin prick test to one or more common inhalant
allergens, or elevated total serum IgE level. All patients
were treated with inhaled P, agonist when required.
Pulmonary function was monitored in all patients by
measuring the expiratory peak flow rate and FEV, ¢%.
Informed consent was obtained from each subject for
participation in the study, and the clinical research
ethics committee of our university approved this study.

2.2. Serum TRX measurement

Serum TRX was measured using a sensitive sandwich
ELISA kit (Fujirebio, Inc., Tokyo, Japan) [15]. All
measurements were made in duplicate, and the average
value was adopted.

2.3. Measurement of serum ECP levels

After the blood sampling using specially designed
sampling tubes for ECP measurement (vacutainer tube
with SST gel; Beckton Dickinson, San Jose, CA),
samples were left at room temperature for 1-2 h. The
serum was obtained by centrifugation to measure ECP
with an ECP Radioimmunoassay kit (Pharmacia, Up-
psala, Sweden).

2.4. Evaluation of pulmonary function

Immediately after the blood sampling, FEV, % and
percentage of predicted peak expiratory flow (%PEF)
were evaluated using CHESTAC-65V (CHEST, Tokyo,
Japan). FEV,, was expressed as the percentage of
forced vital capacity (FEV; ¢%).
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2.5. Statistical analysis

Normally distributed data were expressed as mean +
standard deviation. When the data did not show a
normal distribution, data were presented as medians
with 25 and 75% interquartiles. Differences among
groups were tested by parametric or nonparametric
test as appropriate as indicated in each figure or table.
Comparisons of the serum TRX levels in subgroups
were tested by the paired or the unpaired Student’s 7-test
or the one-way analysis of variance (ANOVA) for
normally distributed data and by the Mann—Whitney
U-test or the Kruskal-Wallis test for not normally
distributed data. In case of significant difference, the
Kruskal-Wallis test was followed by the Mann—Whit-
ney U-test with Bonferroni correction. The relationships
between these variables, which were normally distrib-
uted, were examined with the Pearson’s correlation
coefficient. Correlations between serum TRX levels
and other parameters were determined by the Spear-
man’s rank correlation coefficient when the data were
not normally distributed. Statistical significance was
defined as P <0.05. However, in the Mann—Whitney
U-test with Bonferroni correction, P-value of 0.0166 or
less was regarded as significant (Bonferroni correction
for three groups).

3. Results

3.1. Serum levels of TRX

To study the clinical significance of TRX in asthma,
we measured the serum levels of TRX in asthmatic
patients with and without attacks. There was no
significant correlation between the serum TRX levels
and age in all three groups (all subjects, non-attack
subjects and attack subjects) (Table 2). In addition, no
significant differences in the serum TRX levels were
found in patients with asthma in term of sex, smoking
history, state of atopy or receiving inhaled corticosteroid
(Table 3). Furthermore, the serum TRX levels showed
no significant differences among subgroups according to
the disease severity of asthma (Table 4). As shown in
Fig. 1A, the TRX levels in patients with asthma were

significantly elevated in patients with mild (34.63
[28.40—42.73] ng/ml, n =19, P =0.0064) and moderate
attack (38.83 [35.14-50.80] ng/ml, n=7, P=0.0017)
compared with those during the asymptomatic period
(26.62 [21.78-32.63] ng/ml, n=30) (Kruskal-Wallis
test, P =0.00090). We further examined serum TRX in
identical patients during both attacks and asymptomatic
periods. The TRX levels during attacks were signifi-
cantly higher than those during remission (n =8, P =
0.0048) (Fig. 1B).

3.2. Relation between serum TRX and pulmonary
function tests in patients during attacks

The pulmonary function tests were performed im-
mediately after the blood sampling. Although all sub-
jects measured %PEF at home, FEV, (% and %PEF
were not evaluated using CHESTAC-65V in four of
them. Therefore, these four subjects were excluded. The
serum TRX levels inversely correlated with both
FEV,¢% (r=-0.44, P=0.039) and %PEF (r=—
0.49, P=0.020) in patients during attacks (n=22)
(Fig. 2A and B). No correlations between the serum
TRX levels and both FEV, (% (r =0.086, P =0.66) and
%PEF (r=0.013, P=0.51) were observed in asympto-
matic patients.

3.3. Relation between serum TRX and parameters of
eosinophil activation

Eosinophils are the primary effector cells in the
mechanism of asthma. Serum levels of ECP are known
as markers for eosinophil [23]. Serum ECP is elevated in
accordance with asthma exacerbations [23]. For this
reason, it is of paramount interest to clarify their
relation with TRX. We initially examined the relation
between serum TRX and peripheral eosinophil counts.
Neither %eosinophils nor eosinophil counts correlated
with the TRX levels (rs =0.0030, P =0.98 and rs=
0.035, P=0.79, respectively). We measured the serum
ECP concentration using radioimmunoassay. There was
a significant correlation between TRX and ECP levels in
sera from asthmatic patients (n =156, rs=0.32, P=
0.016) (Fig. 3).

Table 2
Relation between the serum TRX levels and age in patients with asthma

Serum TRX

All subjects Non-attack Attack

r P-value r P-value r P-value
Age —0.044 0.77 —0.234 0.22 0.185 0.36

Since all data were normally distributed, correlations were conducted using Pearson’s correlation test.
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Table 3
Comparisons of the serum TRX levels with sex, smoking history, state of atopy, and inhaled corticosteroid treatment

All subjects (n =48) Non-attack (n = 30) Attack (n =26)

Serum TRX (ng/ml)  P-value Serum TRX (ng/ml) P-value Serum TRX (ng/ml) P-value

Sex (M/F) 29.75 (25.76-37.75)/  0.53 28.92 (24.57-37.33)/ 0.23 39.59+14.18/38.08 +12.04 0.6
30.86 (21.65-37.60) 23.71 (20.06—31.75)

Smoking (NS/S) ~ 29.60 (23.03-37.30)/  0.25 27.424+7.84/29.81+5.13  0.57 37.91+12.09/42.72 +16.98 0.4
32.30 (27.63—-41.64)

Atopy (NA/A) 30.95+11.64/ 0.61 27.11+8.38/28.17+7.12  0.64 38.77+10.72/38.87 £ 14.25 0.88
32.96+12.65

ICS (NICS/ICS)*  29.57+9.52/ 0.19 26.77+6.63/28.62+8.10  0.62 36.57 (27.02-42.96)/36.81 (31.16-43.98) 0.2
34.30+13.72

Definition of abbreviations: M, male; F, female; NS, non-smoking; S, smoking; NA, non-atopy; A, atopy; ICS, inhaled corticosteroid. Normally
distributed data were expressed as mean +standard deviation and calculated by the unpaired Student’s ¢-test. When the data did not show a normal
distribution, data were presented as medians with 25 and 75% interquartiles in parentheses and calculated by the Mann—Whitney U-test.

# Not receiving inhaled corticosteroid/receiving inhaled corticosteroid.

4. Discussion

In this study, we investigated the clinical relevance of
serum TRX in bronchial asthma. We found increased
levels of serum TRX in patients with asthma attacks
compared with those in remission. This increase corre-
lated with the degree of airway obstruction as assessed
by FEV,% and %PEF. Serum TRX levels also
correlated with serum ECP. This is the first study to
report the clinical relevance of TRX in the pathogenesis
of asthma.

It was previously shown that TRX is associated with
various diseases [14]. Increased TRX levels have been
reported in patients with hepatitis C virus (HCV)
chronic hepatitis [15] and human immunodeficiency
virus infection [24]. HCV-infected patients with higher
serum TRX levels exhibit progression of liver fibrosis
and resistance to interferon therapy [15]. The prognosis
of acquired immunodeficiency syndrome (AIDS) pa-
tients with elevated plasma TRX and low CD4 T-cell
counts is poor [25]. The cells infected with HTLV-1,
Epstein—Barr virus, or human papilloma virus highly
express TRX, suggesting its important role in the
coexistence of host cells and viruses [14]. Studies with
a variety of human primary tumors have shown the

overexpression of TRX in tumors including hepatocel-
lular carcinoma (HCC), squamous cell carcinoma,
cervix cancer, pancreatic cancer, and colon cancer,
compared with the levels in normal tissue [14]. Interest-
ingly, serum or plasma levels of TRX are elevated in
patients with hepatocellular and pancreatic ductal
carcinoma, suggesting that TRX can be a useful clinical
parameter in these cancers [16,17]. In collagen diseases
like RA and Sjogren’s syndrome, TRX is also highly
expressed at the inflamed foci [18,19]. For example, the
TRX levels are increased in synovial fluid compared
with plasma samples in patients with RA [18]. Although
the serum levels of TRX did not reflect the disease
severity of asthma, we showed that serum levels of TRX
were significantly higher in patients with both mild and
moderate attacks than those in remission. Furthermore,
the TRX levels significantly increased depending on the
degree of asthma attacks. Although we did not show
evidence for TRX levels in healthy subjects, the serum
concentrations reported by other investigators, who
measured serum TRX by the same ELISA kit as we
used, ranged from 1.3 to 50.7 ng/ml with a median of
24.9 ng/ml [15]. Since the present findings for the TRX
levels during mild and moderate attacks were medians of
34.63 and 38.83 ng/ml, respectively, the TRX levels

Table 4
Comparisons of the serum TRX levels with severity of asthma

Intermittent Mild persistent Moderate persistent P-value
All subjects 29.97 (21.79-39.82) (n=21) 28.16 (23.72-37.33) (n=20) 34.72 (31.54-37.71) (n=17) 0.64*

Non-attack
Attack®

27.08+7.00 (n = 12)
41.86+17.15 (n = 10)

28.21+7.70 (n = 16) (n=2) 0.83°
38.09+11.89 (n= 10)

35.0443.60 (n=6) 0.20¢

Normally distributed data were expressed as mean +standard deviation. When the data did not show a normal distribution, data were presented as

medians with 25 and 75% interquartiles in parentheses.
# Calculated by the Kruskal-Wallis test.
® Calculated by the unpaired Student’s -test.

¢ Disease severity of asthmatic patients with attack was evaluated in their asymptomatic period.

4 Calculated by the one-way analysis of variance (ANOVA).
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Fig. 1. (A) The serum levels of TRX in patients with bronchial asthma
with mild (n =19) and moderate (n =7) attacks, and without attack
(n = 30). The serum TRX levels of patients with mild (34.63 [28.40—
42.73] ng/ml, n =19, P =0.0064) and moderate (38.83 [35.14-50.80]
ng/ml, n =7, P=0.0017) attacks were significantly higher than those
of non-attack subjects (26.62 [21.78-32.63] ng/ml, n = 30) (Kruskal -
Wallis test, P =0.00090). (B) Increase in the serum TRX levels in
patients with asthma before and after attack (n = 8; paired z-test, P =
0.0043).

during asthma attacks tend to be higher than those in
remission or normal controls. These findings suggest
that the serum TRX level is increased in connection with
asthma attacks.

It is unclear whether the levels of TRX can be
changed in parallel with other clinical parameters. In
HIV-infected patients, the increase in plasma TRX
levels correlates with altered surface expression of
CD62L, CD38, and CD20 on peripheral blood mono-
nuclear cells that occur in later stages of HIV infection
[24]. Significant correlations are observed in serum levels
between TRX and markers of hepatic fibrosis such as
ferritin, hyaluronic acid, IV collagen, and P-III-P [15].
In contrast, Miyazaki et al. [16] studied the relation
between the serum levels of TRX and a-fetoprotein in
patients with HCC, and found no significant correlation
between the markers. Interestingly, four HCC cases with
the normal level of a-fetoprotein exhibited increased
levels of serum TRX, whereas 12 HCC cases with a high
concentration of a-fetoprotein had normal serum TRX
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Fig. 2. Relation between the serum TRX levels and pulmonary
function in patients with asthma during attack. There were significant
negative correlation between serum TRX levels and both FEV (% and
%PEF in patients during attack (n =22, Pearson’s correlation: (A) r =
—0.44, P =0.039 and (B) r = —0.49, P =0.020, respectively).
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Fig. 3. Relation between the serum ECP and the serum TRX levels.
Significant correlation between the ECP and the TRX levels in serum
of asthmatic patients was shown (n = 56, Spearman’s rank correlation,
rs=0.32, P=0.016).

levels. These observations suggest that serum TRX can
be a parallel or additional marker depending on each
disease. We showed that serum TRX levels during
asthma attacks inversely correlate with the FEV %
and %PEF. We also investigated the relationship
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between serum TRX levels and serum ECP levels.
Significant correlation was observed with ECP, a
marker for eosinophil activation, but not with periph-
eral eosinophil counts or %eosinophils. The present
results imply that serum levels of TRX definitely reflect
airway obstruction and eosinophil activation in patients
with asthma.

Regarding the significance of serum TRX levels in the
pathogenesis of asthma, two different hypotheses are
suggested. First, TRX may act as a scavenger of
oxidants. TRX has been demonstrated to possess
protective activities against oxidative stress in various
models of diseases including atherosclerosis [26], reper-
fusion injury [27], and diabetes [28]. Since asthma is
characterized by prominent production of ROS from
inflammatory cells, TRX possibly plays a role to remove
those oxidants. The second hypothesis is that TRX
exhibits cytokine- or chemokine-like activity including
activation of eosinophils [12—14]. Eosinophil functions
such as cytotoxicity [29], migration [13], and release of
major basic protein [30] are enhanced by TRX in vitro.
Furthermore, TRX is a unique chemoattractant for
neutrophils, monocytes, and T-cells as well as eosino-
phils [12,13]. However, leukocyte transmigration from
blood vessels is likely to be impaired in in vivo models
where the level of chemoattractants is elevated in
circulation. Intravenous injection of IL-8 reduces poly-
morphonuclear leukocytes’ accumulation in the tissue
[31]. Leukocyte migration is also impaired in transgenic
mice with high circulating levels of IL-8 [32] or mono-
cyte chemoattractant protein-1 [33], which is sufficient
to induce chemotaxis in vitro. Consistent with the effect
of chemokines, Nakamura et al. [20] recently reported
that circulating TRX efficiently blocks migration of
neutrophils into the lipopolysaccharide-stimulated air
pouch. In that study, TRX did not alter the expression
of adhesion molecules on endothelium, suggesting its
direct effect on neutrophils. We showed here that serum
TRX levels were elevated in patients with asthma
attacks. It is possible that high levels of circulating
TRX decrease the ability of eosinophils to migrate into
inflamed sites.

An important issue is that the elevation of circulating
TRX is acute or chronic. The chronic elevation of TRX
is harmful in HIV infection. The plasma TRX chroni-
cally elevated is highly associated with the shortening of
survival in patients with AIDS [25]. In contrast, acute
elevation of TRX appears to be beneficial. For example,
injection of a bolus of TRX prevents ischemic reperfu-
sion injury [27]. We observed higher TRX levels during
asthma attacks, which are suggested to be an acute
elevation and may be helpful to immune system. One
explanation for the present results is that the circulating
TRX acts as a down regulator that suppresses eosino-
phil extravasation, through prominent eosinophil infil-
tration in the airway during asthma attack, to minimize

the allergic inflammation. The action of TRX may be
elicited either by the disappearance of the local chemo-
kine gradients or deactivation of eosinophils with a loss
of reactivity to other chemokines. Indeed, we found that
pretreatment of TRX reduced eotaxin-induced eosino-
phil chemotaxis in vitro (manuscript in preparation).

In summary, we showed that elevated levels of serum
TRX were observed in patients with asthma attacks, and
that the serum TRX levels correlated with the clinical
parameters of asthma on attack as well as marker for
eosinophil activation. These findings suggest that the
serum TRX level reflects both the status of asthma
attack and the degree of eosinophilic inflammation, and
that sheds light on developing a new strategy to treat
asthma.

References

[1] H. Kita, C.R. Adolphson, G.J. Gleich, Biology of eosinophils, in:
E. Middleton, C.E. Reed, E.F. Ellis, N.F. Adkinson, J.W.
Yunginger, W.W. Busse (Eds.), Allergy, Principles and Practice,
Sth ed., Mosby, St. Louis, 1998, pp. 242—-260.

[2] M.E. Rothenberg, Eosinophilia, N. Engl. J. Med. 338 (1998)
1592-1600.

[3] J. Chihara, H. Yamada, T. Yamamoto, D. Kurachi, N. Hayashi-
Kameda, K. Honda, H. Kayaba, O. Urayama, Priming effect of
RANTES on eosinophil oxidative metabolism, Allergy 53 (1998)
1178—-1182.

[4] S. Horie, G.J. Gleich, H. Kita, Cytokines directly induce
degranulation and superoxide production from human eosino-
phils, J. Allergy Clin. Immunol. 98 (1996) 371-381.

[5] K. Tenscher, B. Metzner, E. Schopf, J. Norgauer, W. Czech,
Recombinant human eotaxin induces oxygen radical production,
Ca(2+)-mobilization, actin reorganization, and CD11b upregula-
tion in human eosinophils via a pertussis toxin-sensitive hetero-
trimeric guanine nucleotide-binding protein, Blood 88 (1996)
3195-3199.

[6] S.P. Sanders, J.L. Zweier, S.J. Harrison, M.A. Trush, S.J.
Rembish, M.C. Liu, Spontaneous oxygen radical production at
sites of antigen challenge in allergic subjects, Am. J. Respir. Crit.
Care Med. 151 (1995) 1725-1733.

[7]1 J.M. Matés, C. Pérez-Gomez, M. Blanca, Chemical and biological
activity of free radical ‘scavengers’ in allergic diseases, Clin. Chim.
Acta 296 (2000) 1-15.

[8] L.J. Smith, M. Houston, J. Anderson, Increased levels of
glutathione in bronchoalveolar lavage fluid from patients with
asthma, Am. Rev. Respir. Dis. 147 (1993) 1461-1464.

[9] T.C. Laurent, E.C. Moore, P. Reichard, Enzymatic synthesis of
deoxyribonucleotides, J. Biol. Chem. 239 (1964) 3436—3444.

[10] K. Teshigawara, M. Maeda, K. Nishino, T. Nikaido, T.
Uchiyama, M. Tsudo, Y. Wano, J. Yodoi, Adult T leukemia
cells produce a lymphokine that augments interleukin 2 receptor
expression, J. Mol. Cell. Immunol. 2 (1985) 17-26.

[11] H. Nakamura, K. Nakamura, J. Yodoi, Redox regulation of
cellular activation, Annu. Rev. Immunol. 15 (1997) 351-369.
[12] R. Bertini, O.M. Howard, H.F. Dong, J.J. Oppenheim, C.

Bizzarri, R. Sergi, G. Caselli, S. Pagliei, B. Romines, J.A.
Wilshire, M. Mengozzi, H. Nakamura, J. Yodoi, K. Pekkari, R.
Gurunath, A. Holmgren, L.A. Herzenberg, P. Ghezzi, Thiore-
doxin, a redox enzyme released in infection and inflammation, is a
unique chemoattractant for neutrophils, monocytes, and T-cells,

J. Exp. Med. 189 (1999) 1783-1789.



(13]

(14]

[15]

(16]

(7]

(18]

[19]

[20]

(21]

[22]

(23]

Y. Yamada et al. | Immunology Letters 86 (2003) 199-205

K. Hori, M. Hirashima, M. Ueno, M. Matsuda, S. Waga, S.
Tsurufuji, J. Yodoi, Regulation of eosinophil migration by adult
T-cell leukemia-derived factor, J. Immunol. 151 (1993) 5624—
5630.

G. Garth Powis, W.R. Montfort, Properties and biological
activities of thioredoxins, Annu. Rev. Pharmacol. Toxicol. 41
(2001) 261-295.

Y. Sumida, T. Nakashima, T. Yoh, Y. Nakajima, H. Ishikawa, H.
Mitsuyoshi, Y. Sakamoto, T. Okanoue, K. Kashima, H. Naka-
mura, J. Yodoi, Serum thioredoxin levels as an indicator of
oxidative stress in patients with hepatitis C virus infection, J.
Hepatol. 33 (2000) 616-622.

K. Miyazaki, N. Noda, S. Okada, Y. Hagiwara, M. Miyata, 1.
Sakurabayashi, N. Yamaguchi, T. Sugimura, M. Terada, H.
Wakasugi, Elevated serum level of thioredoxin in patients with
hepatocellular carcinoma, Biotherapy 11 (1998) 277-288.

H. Nakamura, J. Bai, Y. Nishinaka, S. Ueda, T. Sasada, G.
Ohshio, M. Imamura, A. Takabayashi, Y. Yamaoka, J. Yodoi,
Expression of thioredoxin and glutaredoxin, redox-regulating
proteins, in pancreatic cancer, Cancer Detect. Prev. 24 (2000)
53-60.

M.M. Maurice, H. Nakamura, E.A. van der Voort, A.L. van Vliet,
F.J. Staal, P.P. Tak, F.C. Breedveld, C.L. Verweij, Evidence for
the role of an altered redox state in hyporesponsiveness of
synovial T-cells in rheumatoid arthritis, J. Immunol. 158 (1997)
1458-1465.

1. Saito, M. Shimuta, K. Terauchi, K. Tsubota, J. Yodoi, N.
Miyasaka, Increased expression of human thioredoxin/adult T-
cell leukemia-derived factor in Sjogren’s syndrome, Arthritis
Rheum. 39 (1996) 773-782.

H. Nakamura, L.A. Herzenberg, J. Bai, S. Araya, N. Kondo, Y.
Nishinaka, L.A. Herzenberg, J. Yodoi, Circulating thioredoxin
suppresses lipopolysaccharide-induced neutrophil chemotaxis,
Proc. Natl. Acad. Sci. USA 98 (2001) 15143—-15148.

American Thoracic Society, Standards for the diagnosis and care
of patients with chronic obstructive pulmonary disease (COPD)
and asthma, Am. Rev. Respir. Dis. 136 (1987) 225-244.
NHLBI/WHO Workshop Report, Global strategy for asthma
management and prevention, National Institutes of Health,
National Heart, Lung, and Blood Institute, Bethesda, MD,
Publication No. 95-3659, 1995.

P. Venge, J. Bystrom, M. Carlson, L. Hakansson, M. Karawacj-
zyk, C. Peterson, L. Seveus, A. Trulson, Eosinophil cationic
protein (ECP): molecular and biological properties and the use of

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

205

ECP as a marker of eosinophil activation in disease, Clin. Exp.
Allergy 29 (1999) 1172-1186.

H. Nakamura, S. De Rosa, M. Roederer, M.T. Anderson, J.G.
Dubs, J. Yodoi, A. Holmgren, L.A. Herzenberg, Elevation of
plasma thioredoxin levels in HIV-infected individuals, Int.
Immunol. 8 (1996) 603—-611.

H. Nakamura, S.C. De Rosa, J. Yodoi, A. Holmgren, P. Ghezzi,
L.A. Herzenberg, Chronic elevation of plasma thioredoxin:
inhibition of chemotaxis and curtailment of life expectancy in
AIDS, Proc. Natl. Acad. Sci. USA 98 (2001) 2688-2693.

Y. Takagi, Y. Gon, T. Todaka, K. Nozaki, A. Nishiyama, H.
Sono, N. Hashimoto, H. Kikuchi, J. Yodoi, Expression of
thioredoxin is enhanced in atherosclerotic plaques and during
neointima formation in rat arteries, Lab. Invest. 78 (1998) 957—
966.

K. Okubo, S. Kosaka, N. Isowa, T. Hirata, S. Hitomi, J. Yodoi,
M. Nakano, H. Wada, Amelioration of ischemia-reperfusion
injury by human thioredoxin in rabbit lung, J. Thorac. Cardio-
vasc. Surg. 113 (1997) 1-9.

M. Hotta, F. Tashiro, H. Ikegami, H. Niwa, T. Ogihara, J. Yodoi,
J. Yodoi, J. Miyazaki, Pancreatic beta cell-specific expression of
thioredoxin, an antioxidative and antiapoptotic protein, prevents
autoimmune and streptozotocin-induced diabetes, J. Exp. Med.
188 (1998) 1445-1451.

D.S. Silberstein, M.H. Ali, S.L. Baker, J.R. David, Human
eosinophil cytotoxicity-enhancing factor: purification, physical
characteristics, and partial amino acid sequence of an active
polypeptide, J. Immunol. 143 (1989) 979-983.

H. Koyanagi, N. Wakasugi, K. Yoshimatsu, Y. Takashima, J.
Yodoi, M. Momoi, Role of ADF/TRX and its inhibitor on the
release of major basic protein from human eosinophils, Biochem.
Biophys. Res. Commun. 213 (1995) 1140—1147.

D.H. Hechtman, M.1. Cybulsky, H.J. Fuchs, J.B. Baker, M.A.
Gimbrone, Jr., Intravascular IL-8: inhibitor of polymorpho-
nuclear leukocyte accumulation at sites of acute inflammation,
J. Immunol. 147 (1991) 883-892.

W.S. Simonet, T.M. Hughes, H.Q. Nguyen, L.D. Trebasky, D.M.
Danilenko, E.S. Medlock, Long-term impaired neutrophil migra-
tion in mice overexpressing human interleukin-8, J. Clin. Invest.
94 (1994) 1310-1319.

B.J. Rutledge, H. Rayburn, R. Rosenberg, R.J. North, R.P.
Gladue, C.L. Corless, B.J. Rollins, High level monocyte chemoat-
tractant protein-1 expression in transgenic mice increases their
susceptibility to intracellular pathogens, J. Immunol. 155 (1995)
4838-4843.



	Elevated serum levels of thioredoxin in patients with acute exacerbation of asthma
	Introduction
	Materials and methods
	Study subjects
	Serum TRX measurement
	Measurement of serum ECP levels
	Evaluation of pulmonary function
	Statistical analysis

	Results
	Serum levels of TRX
	Relation between serum TRX and pulmonary function tests in patients during attacks
	Relation between serum TRX and parameters of eosinophil activation

	Discussion
	References


