
Background: Polymorphism at the π class glutathione-S-trans-
ferase locus (GSTP1) is associated with allergen-induced asth-
ma and related phenotypes.
Objective: We sought to determine whether GSTP1 polymor-
phism influences susceptibility to asthma induced by toluene
diisocyanate (TDI).
Methods: The role of GSTP1 was assessed in 131 workers
exposed to TDI, 92 with TDI-induced asthma and 39 asympto-
matic subjects. The phenotype of the disease was characterized
by using detailed clinical history, lung volumes, airway respon-
siveness to methacholine, and airway responsiveness to TDI.
GST genotypes were determined by using PCR-based assays.
Results: In patients exposed to TDI for 10 or more years, the
frequency of the GSTP1 Val/Val genotype was lower in subjects
who had asthma (odds ratio, 0.23; 95% confidence interval,
0.05-1.13; P = .074). Similarly, the frequency of this genotype
was significantly lower in subjects with evidence of moderate-
to-severe airway hyperresponsiveness to methacholine com-
pared with the frequency in subjects with normal or mild
hyperresponsiveness (P = .033).
Conclusion: These data suggest that homozygosity for the
GSTP1*Val allele confers protection against TDI-induced asth-
ma and airway hyperresponsiveness. This view is supported by
the finding that the protective effect increases in proportion to
the duration of exposure to TDI. (J Allergy Clin Immunol
2002;109:867-72.)

Key words: Isocyanates, occupational asthma, airway hyperre-
sponsiveness, genetic markers

Exposure to isocyanates, such as toluene diisocyanate
(TDI), in the workplace is a major cause of occupational
asthma, and thus clinical symptoms of asthma develop in
5% to 15% of exposed subjects.1 Although the mecha-
nism by which these chemicals can induce host sensiti-
zation remains unclear, TDI-induced asthma exhibits
similar functional and morphologic features to allergen-
induced asthma, reflecting immune proinflammatory
mechanisms underlying host sensitization to TDI.2 How-
ever, unlike allergic asthma, low-molecular-weight sensi-
tizers like TDI tend to cause asthma symptoms in
nonatopic subjects and nonsmokers.3

TDI-induced asthma may reflect an interaction
between an adverse work environment with host genetic
factors.4,5 Although most genetic studies in allergic asth-
ma have concentrated on chromosomes 11q and 5q6 and
their association with key asthma-related phenotypes of
atopy and airway hyperresponsiveness (AHR), relatively
little is known of the genetic factors that are associated
with predisposition to TDI-induced asthma. Thus
although DQA1*0104 and DQB1*0503 confer suscepti-
bility to TDI-induced asthma and DQB1*0501 offers
protection,7 no other genetic markers for this type of
occupational asthma have been identified.

A critical feature of TDI-induced asthma is the devel-
opment of persistent airway inflammation. Oxidative
stress, with the formation of reactive oxygen species
(ROS), is a key component of this inflammation.8

Although host antioxidant defenses should detoxify ROS,
individuals differ in their ability to deal with an oxidant
burden; such differences are in part genetically deter-
mined.9 Inability to detoxify ROS perpetuates the inflam-
matory process, activating bronchoconstrictor mecha-
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nisms and leading to onset of asthma symptoms. We pro-
pose members of the glutathione-S-transferase (GST)
superfamily as genetic markers for occupational asthma:
GST genes are critical in the protection of cells from ROS
because they use a wide variety of oxidative stress prod-
ucts, including lipid and DNA hydroperoxides.10

We have focused on the π class glutathione-S-trans-
ferase locus (GSTP1), located on chromosome 11q13,
because it encodes the predominant cytosolic GST enzyme
in lung epithelium,11 and previous studies from our labora-
tory have shown a strong association between GSTP1
genotypes and the risk of allergen-induced asthma and
related phenotypes.12 Specifically, GSTP1 Val105/Val105

conferred a 9-fold lower risk of asthma than did GSTP1
Ile105/Ile105. We now examine the hypothesis that polymor-
phic variants in GSTP1 are also associated with increased
susceptibility to asthma induced by exposure to TDI. We
have determined the prevalence of GSTP1 genotypes in
131 individuals exposed to TDI and stratified by means of
atopic status (skin prick tests), airway obstruction–airway
responsiveness, and duration of exposure to TDI. Our main
aim was to establish whether GSTP1 is specific to allergic
asthma or whether it is more generally involved in mediat-
ing inflammation in the airways.

METHODS

Subject recruitment

The association between GST genotypes and susceptibility was
studied in 131 unrelated white European subjects residing in the
north of Italy. All were exposed to TDI in furniture or body shops.
The 92 asthmatic patients were recruited in the Department of Envi-
ronmental Medicine and Public Health of the University of Padua,
which was established to diagnose occupational asthma induced by

exposure to isocyanates. The 39 asymptomatic workers were
employed in the same factories for at least 10 years. The demo-
graphics of the study population are shown in Table I.

Diagnosis of occupational asthma was based on the following:
(1) exposure to TDI; (2) a history of wheezing, cough, dyspnea,
and/or chest tightness; (3) a spirometric demonstration of a decrease
in FEV1 of at least 20% after exposure to TDI in the laboratory; and
(4) the presence of AHR to methacholine inhalation challenge or the
presence of airway obstruction. The asymptomatic subjects exposed
for a long period to isocyanates did not perform the inhalation chal-
lenge with TDI for ethical reasons. Subjects with any other past or
current disorder, either respiratory or nonrespiratory, were exclud-
ed. Atopy was defined by the presence of a personal history of aller-
gies, seasonal rhinitis, eczema, or allergic conjunctivitis and posi-
tive skin prick test responses (skin reaction with a mean wheal
diameter of ≥3 mm larger than that produced with a saline control)
with a panel of 7 common aeroallergens. This study was carried out
according to the principles of the Declaration of Helsinki, with writ-
ten informed consent for inhalation challenge with methacholine
and TDI, and for genetic investigation.

TDI and methacholine challenge testing

TDI and methacholine inhalation challenges were performed as
previously described.13 An asthmatic reaction occurred when FEV1
had decreased by greater than 20% after exposure to TDI in the lab-
oratory. Methacholine inhalation challenge was stopped when FEV1
had decreased by greater than 20% over FEV1 baseline levels (PD20
FEV1 ). Moderate or severe AHR was defined by a PD20 FEV1 value
of less than 700 µg.

Identification of GSTP1 genotypes

All genotyping assays were performed by workers who were
unaware of the clinical status of individual subjects. Leukocyte DNA
was extracted from peripheral blood collected into tubes containing
ethylenediamine tetraacetic acid by using a standard phenol-chloro-
form procedure. Blood samples were obtained from all subjects.

Genotyping of the GSTP1 Ile105-Val105 substitution was per-
formed by using PCR performed with primers to exon 5, as previ-
ously described.14,15

PCR of GSTP1 for the determination of the Ala114-Val114 substi-
tution was performed essentially as described by Board et al,16 with
an annealing temperature of 65°C. Ala114-Val114 genotype data were
not available for 9 subjects because DNA samples were exhausted.
The GSTP1 AC and BD genotypes showed heterozygous patterns by
using both of the above assays. Accordingly, we used an amplifica-
tion refractory mutation system assay to unequivocally determine
GSTP1 genotype under these conditions. This assay was used as
previously described.17

Statistical analysis

χ2 Tests were used to assess between-group homogeneity (eg,
positive asthma findings vs negative asthma findings). All statistical
analyses were done with the Stata statistical package (version 6;
Stata Corporation, College Station, Tex). In a subset of subjects, it
was possible to match for age and duration of TDI exposure by
comparing clusters of patients and control subjects with condition-
al logistic regression analysis.18 Clusters were defined by grouping
subjects on the basis of age (20-29, 30-39, 40-49, 50-59, and 60-69
years) and duration of exposure (<5, 5-9, 10-14, 15-19, and 20-29
years), thereby generating 25 possible clusters. However, some
clusters contained either only patients or only control subjects and
were therefore excluded from the analysis. By using this approach,
it was also possible to further correct for other potential confound-
ing factors, such as sex, smoking history, and atopic status.

TABLE I. Characteristics of the study population

Asthmatic subjects Control subjects

(n = 92) (n = 39)

Age, mean ± SD (y) 41.3 ± 11.8 34.9 ± 9.0
Duration of exposure 17.9 ± 12.1 9.8 ± 8.4

to TDI, mean ± SD (y)
Sex

Male 76 35
Female 16 4

Smoking history (%)
Never smoked 55.4 46.1
Current smoker 13.0 25.7
Exsmoker 31.6 28.2

Atopy (%)
Nonatopic 69.2 74.4
Atopic 30.8 25.6

FEV1 (% predicted)* 97.3 ± 18.8 103.1 ± 13.3
FVC (% predicted)* 96.3 ± 14.4 100.4 ± 10.8
Airway responsiveness to

methacholine (%)
No-mild 46.6 79.3
Moderate-severe 53.4 20.7

*Predicted values are from reference 29.



RESULTS

GSTP1 genotype frequencies

Table II shows GSTP1 genotype frequencies in the study
population. Frequencies of the GSTP1*A, GSTP1*B,
GSTP1*C, and GSTP1*D alleles were 0.694, 0.177, 0.069,
and 0.044, respectively. GSTP1 genotype frequencies
achieved Hardy-Weinberg equilibrium and were similar to
those observed in a population of atopic asthmatic subjects,
atopic nonasthmatic subjects, and nonatopic asthmatic sub-
jects from North Staffordshire, England, except that the
GSTP1*D frequency (0.005) was lower.14

Association of GSTP1 genotypes with

asthma and AHR

GSTP1 genotype frequencies in the total group strati-
fied by the presence or absence of asthma diagnosis and
AHR are also shown in Table II. In the total cohort (n =
131) the frequency of homozygotes for the Val105 allele
(GSTP1 BB, BC, and CC genotypes combined) was
lower in asthmatic subjects (6.5%) than in nonasthmatic
subjects (10.3%), although this did not achieve statistical
significance (P = .462). Similarly, frequencies of these
genotypes were lower in subjects with positive AHR
results (3.4%) than in subjects with negative AHR results
(9.4%). Matching for age and duration of exposure and
correction for atopic status, sex, and smoking history by
using conditional logistic regression showed the same
nonsignificant trends for both asthma (odds ratio [OR],
0.53; P = .468) and AHR (OR, 0.45; P = .406), although
the number of subjects for whom matching was possible
was reduced (asthma, n = 94; AHR, n = 97).

Effect of duration of exposure on GSTP1

genotype associations with asthma and AHR

Because the association between genotype and asth-
ma-AHR risk may depend on duration of TDI exposure,

we analyzed the data at 1 year or greater, 5 years or
greater, and 10 years or greater of TDI exposure. These
data showed that Val105/Val105 frequencies increased
from 10.3% (in the total cohort) to 18.8% (in subjects
exposed to TDI for ≥10 years) in nonasthmatic subjects;
an inverse trend from 6.5% to 5.1% was observed in asth-
matic subjects. Similar data were obtained for the associ-
ation of the GSTP1 genotype with AHR. Fig 1 shows the
frequency of the GSTP1 genotype in patients with pres-
ence or absence of AHR according to duration of expo-
sure to TDI. This shows that the protective effect of the
Val105/Val105 genotype is more apparent with increasing
duration of exposure. Thus the frequency of this geno-
type increased from 9.4% to 13.5% in subjects with neg-
ative AHR results, and individuals with positive AHR
results demonstrated a corresponding decrease from
3.8% to 0% (Fig 1).

Because the protective association of the Ile105-Val105

substitution with both AHR and asthma was strongest at
10 or more years of TDI exposure, we further analyzed
the data, excluding those with less than 10 years of expo-
sure (Table II). This showed that the frequency of
GSTP1*Val105 was lower in subjects with positive AHR
results compared with subjects with negative AHR
results. Thus compared with other GSTP1 genotypes
combined, those homozygous for the Val105 allele
(GSTP1 BB, BC, and CC) were significantly lower
(0.0%) in subjects with positive AHR results than in
those with negative AHR results (13.5%, P = .033; Fig
2). It was not possible to compare Val105 homozygosity
in the matched subset because of the absence of Val105

homozygotes in the subjects with positive AHR results.
Similarly, homozygosity for GSTP1 Val105 was lower

in those in whom asthma developed (5.1%) after 10 years
of TDI exposure than in those in whom it did not devel-
op (18.8%). Homozygosity for GSTP1 Val105 was associ-
ated with a lower risk of having asthma, although this
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FIG 1. Frequency of the GSTP1 Val105/Val105 genotype in patients
with no or mild versus moderate or severe AHR according to the
duration of exposure to TDI. Groups were defined as follows:
Non/mild AHR (shaded bars), PD20 FEV1 methacholine greater
than 700 µg; moderate/severe AHR (filled bars), PD20 FEV1 metha-
choline less than 700 µg.

FIG 2. Association of GSTP1 Ile105-Val105 genotype frequencies
with AHR in subjects exposed to TDI for longer than 10 years.
Groups were defined as follows: Non/mild AHR (shaded bars),
PD20 FEV1 methacholine greater than 700 µg; moderate/severe
AHR (filled bars), PD20 FEV1 methacholine less than 700 µg. Ile/Ile
+ Ile/Val versus Val/Val : P = .033.
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just failed to achieve statistical significance (OR, 0.23;
95% confidence interval, 0.05-1.13; P = .074; Fig 3). In
the matched subset the use of conditional regression
showed that a similar OR was observed (OR, 0.35),
although significance was lost (P = .296) as a result of
the reduction in numbers of subjects (n = 56).

DISCUSSION

We have shown that polymorphism in GSTP1 is asso-
ciated with susceptibility to asthma induced by pro-
longed exposure to TDI, a commonly used occupational
respiratory sensitizer. We have also demonstrated that

homozygosity for the Val105-encoding alleles confer pro-
tection against the development of the asthma-associated
phenotype AHR; this protective effect increased in pro-
portion to the duration of TDI exposure. Our data suggest
that individuals lacking this genotype may, over time,
exhibit ongoing TDI-induced proinflammatory processes
with consequent airway remodeling, leading to irre-
versible asthma symptoms.

This study confirms previous data showing a strong
association of GSTP1 genotypes with established asthma
and AHR in a cohort of English patients with atopic asth-
ma.12 Thus rather than representing a disease-specific
marker, we suggest that these associations reflect a role
of GSTP1 in modulating the development of the underly-
ing pathology: AHR and persistent airway inflammation.
Inhalation tests, bronchoalveolar lavage, induced spu-
tum, and bronchial biopsy studies have all confirmed the
presence of cellular infiltrates and proinflammatory
mediators within the airways of individuals with TDI-
induced asthma.19-22 Once established, such changes
may persist, even after the individual is removed from
TDI exposure.23 The role of GSTP1 may therefore reflect
genetically determined differences in host ability to han-
dle the inflammation-derived oxidative burden. ROS-
derived products, such as lipid hydroperoxides, sub-
strates for GSTP1, are essential in the mobilization of
arachidonic acid and regulation of proinflammatory
eicosanoid release.24 Thus an inability to efficiently
detoxify ROS would result in perpetuation of the inflam-
matory process, activate bronchoconstrictor mechanisms,
and cause asthma symptoms.

A recent study of GST genotypes in a population of
diisocyanate-exposed workers showed no significant
association between GSTP1 genotype and risk of asth-

TABLE II. GST genotype frequencies according to asthma-AHR status and duration of TDI exposure in the total cohort
and in subjects exposed to TDI for longer than 10 years

Total group Asthma negative Asthma positive AHR negative AHR positive

Genotypes Definition of genotypes (%) (%) (%) (%) (%)

All subjects: GSTP1
AA Ile105/Ile105 + Ala114/Ala114 60 (49.2) 17 (50.0) 43 (48.9) 30 (50.9) 23 (46.9)
AB Ile105/Val105 + Ala114/Ala114 31 (25.4) 6 (17.7) 25 (28.4) 16 (27.1) 13 (26.5)
AC Ile105/Val105 + Ala114/Val114 10 (8.2) 3 (8.8) 7 (8.0) 4 (6.8) 5 (10.2)
AD Ile105/Ile105 + Ala114/Val114 11 (9.0) 4 (11.8) 7 (8.0) 3 (5.1) 6 (12.2)
BB Val105/Val105 + Ala114/Ala114 4 (3.3) 2 (5.9) 2 (2.3) 1 (1.7) 1 (2.0)
BC Val105/Val105 + Ala114/Val114 5 (4.1) 2 (5.9) 3 (3.4) 4 (6.8) 1 (2.0)
CC Val105/Val105 + Val114/Val114 1 (0.8) 0 (0.0) 1 (1.1) 1 (1.7) 0 (0.0)

Total 122 34 88 59 49
Subjects exposed to TDI for ≥10 y: GSTP1

AA — — 4 (28.6) 25 (44.6) 15 (42.9) 11 (39.3)
AB — — 3 (21.4) 17 (30.4) 10 (28.6) 9 (32.1)
AC — — 1 (7.1) 4 (7.1) 2 (5.7) 3 (10.7)
AD — — 3 (21.4) 7 (12.5) 3 (8.6) 5 (17.9)
BB — — 1 (7.1) 1 (1.8) 1 (2.9) 0 (0.0)
BC — — 2 (14.3) 1 (1.8) 3 (8.6) 0 (0.0)
CC — — 0 (0.0) 1 (1.8) 1 (2.9) 0 (0.0)

Total — — 14 56 35 28

Status was defined as follows: asthma positive, subjects with TDI-induced asthma; asthma negative, asymptomatic subjects exposed to TDI; AHR positive,
subjects with a PD20 FEV1 methacholine less than 700 µg; AHR negative, subjects with a PD20 FEV1 methacholine greater than 700 µg.

FIG 3. Association of GSTP1 Ile105-Val105 genotype frequencies
with asthma in subjects exposed to TDI for longer than 10 years.
Groups were defined as follows: Nonasthmatic (shaded bars),
Asymptomatic subjects exposed to TDI; asthmatic (filled bars),
subjects exposed to TDI with documented TDI-induced asthma.
Ile/Ile + Ile/Val versus Val/Val : P = .074.



ma.25 The authors suggest that the discrepancies between
our original finding of a protective effect of GSTP1
Val105/Val105 in atopic asthma12 and their data from
patients with occupational asthma may reflect differ-
ences in the underlying mechanism between the 2 popu-
lations. However, the same can not be said of our current
findings. An alternative explanation of the differences
between the results of the current study and the data of
Piirila et al25 may be that we have identified a protective
effect only in those patients exposed to TDI for at least
10 years. In our total population a significant association
was not identified. Piirila et al also identified an
increased frequency of Val105/Val105 in atopic workers
exposed to diisocyanates, which contrasts with our previ-
ous findings of a protective effect of this genotype in
atopic asthmatic subjects12 and our lack of a statistical
association in the present study (P = .504, data not
shown). Although 2 of these studies examined diiso-
cyanate-exposed workers, the populations differ in sever-
al regards. For example, we have focused on TDI, where-
as Piirila et al25 also examined subjects exposed to other
diisocyanate compounds. The definitions of asthma,
AHR, and atopy remain very variable between centers,
and the level and nature of exposure is likely to be very
different between factories.

Although there have been many studies examining
genetic markers in allergic asthma, there are little data in
the literature on such markers in occupational asthma.
The importance of chromosome 6 is demonstrated by our
previous studies showing that HLA DQA1*0104 and
DQB1*0503 confer susceptibility to TDI-induced asth-
ma, whereas DQB1*0501 is protective.7 Although
11q13, the chromosomal location of GSTP1, is a region
of particular interest in studies on patients with allergic
asthma, apart for the recent study described above, it has
not been examined in patients with asthma induced by
low-molecular-weight compounds, such as TDI.

In this study we have focused on GSTP1 because our
previous data show that this is the major GST isoform
expressed in the lung,26 and polymorphism at this locus,
but not GSTM1, GSTM3, or GSTT1, confers protection
against asthma and AHR in atopic patients.12 The speci-
ficity of the association of polymorphism at GSTP1, but
not other GSTs, is supported by our own observations.
Thus in contrast to Piirila et al,25 we did not identify
associations between polymorphism at the GSTM1 or
GSTT1 loci and asthma or AHR in our TDI-induced asth-
ma cohort (data not shown). Our data also suggest that
the GSTP1 Ile105-Val105, rather than the Ala114-Val114,
substitution mediates the protective effect.

We have shown that the association of asthma and AHR
with GSTP1 genotype is significant in subjects exposed to
TDI for longer than 10 years, although the trend was appar-
ent in those exposed for shorter periods. A longer interval
between onset of exposure and development of symptoms
in patients with occupational asthma appears to be associ-
ated with an IgE-mediated mechanism, whereas an IgE-
independent mechanism is associated with development of
symptoms after shorter exposure periods.27 This may sug-

gest different pathophysiologic causes underlying disease
development dependent on an interaction between host
genetic profile and duration of exposure to the environ-
mental insult. In our study the association of the GSTP1
genotype with TDI-induced asthma appeared independent
of atopy and other confounding factors because the ORs
after correction for atopic status, sex, age, and smoking his-
tory in the total group (OR, 0.21) and in the matched sub-
set (OR, 0.35) were similar to the uncorrected value (OR,
0.23). Thus although traditional markers of increased risk
of IgE-dependent asthma may be important in TDI-induced
asthma, the ability to handle ROS and their products may
be a critical independent risk factor in determining devel-
opment of airway inflammation in these patients. This view
is supported by our data in atopic asthmatic patients, in
whom the association of the GSTP1 genotype with asthma
and AHR appeared independent of atopic status.12

Although our data are statistically significant, we
acknowledge that the findings presented here are prelim-
inary because of the small number of patients, particular-
ly those exposed to TDI for longer than 10 years. How-
ever, differences in selection of subjects may have been a
confounding factor that is unlikely to account for the dif-
ferences observed. Although there are dangers in overin-
terpretation of multiple statistical analyses, the a priori
reason for studying GSTP1 comes from our previous data
in patients with allergic asthma. Accordingly, we have
focused on GSTP1 alone. However, although the magni-
tude of the effect of the GSTP1 genotype (expressed as
ORs) is potentially clinically relevant, the levels of sig-
nificance observed are low, and therefore the study
requires confirmation in a separate, larger cohort.

Because prolonged exposure to TDI may lead to per-
manent respiratory impairment or disability,28 early diag-
nosis with concomitant instigation of early therapeutic
measures or withdrawal from exposure measures may be
the key to a favorable outcome in these high-risk sub-
jects. Accordingly, consequent medical, social, and eco-
nomic implications of TDI-induced asthma would sup-
port such intervention measures.

We thank Stefano Ferrarese, MD, for his valuable contribution.

REFERENCES

1. Chan-Yeung M, Malo J-L. Aetiological agents in occupational asthma.
Eur Respir J 1994;7:346-71.

2. Mapp CE, Saetta M, Maestrelli P, Fabbri LM. Occupational asthma. Eur
Respir Mon 1999;11:255-86.

3. Mapp CE, Boschetto P, Dal Vecchio L, Maestrelli P, Fabbri LM. Occu-
pational asthma induced by isocyanates. Eur Respir J 1988;1:273-9.

4. Bignon JS, Aron Y, Yu LY, Kopferschmitt MC, Garnier R, Mapp CE, et
al. HLA class II alleles in isocyanate-induced asthma. Am J Respir Crit
Care Med 1994;149:71-5.

5. Mapp CE, Balboni A, Baricordi R, Fabbri LM. Human leukocyte antigen
associations in occupational asthma induced by isocyanates. Am J Respir
Crit Care Med 1997;156:S139-43.

6. Postma DS, Koppelman GH, Meyers DA. The genetics of atopy and air-
way hyperresponsiveness. Am J Respir Crit Care Med 2000;162:S118-23.

7. Mapp CE, Beghe’ B, Balboni A, Zamorani G, Padoan M, Jovine L, ET
AL. Association between HLA genes and susceptibility to toluene diiso-
cyanate-induced asthma. Clin Exp Allergy 2000;30:651-6.

J ALLERGY CLIN IMMUNOL

VOLUME 109, NUMBER 5

Mapp et al 871

En
vi

ro
nm

en
ta

l
an

d 
oc

cu
pa

tio
na

l
di

so
rd

er
s



872 Mapp et al J ALLERGY CLIN IMMUNOL

MAY 2002

Environm
ental

and occupational
disorders

8. Rahman I, MacNee W. Oxidative stress and regulation of glutathione in
lung inflammation. Eur Respir J 2000;16:534-54.

9. Barnes PJ. Reactive oxygen species and airway inflammation. Free Radic
Biol Med 1990;9:235-43.

10. Hayes JD, Strange RC. Potential contribution of the glutathione S-trans-
ferase supergene family to resistance to oxidative stress. Free Radic Res
Commun 1995;22:193-207.

11. Anttila S, Hirvonen A, Vainio H, Husgafvel-Pursiainen K, Hayes JD, Ket-
terer B. Immunohistochemical localisation of GST in human lung. Can-
cer Res 1993;53:5643-8.

12. Fryer AA, Bianco A, Hepple M, Jones PW, Strange RC, Spiteri MA.
Polymorphism at the glutathione S-transferase GSTP1 locus. Am J
Respir Crit Care Med 2000;161:1437-42.

13. Mapp CE, Polato R, Maestrelli P, Hendrick DJ, Fabbri LM. Time course
of the increase in airway responsiveness associated with late asthmatic
reactions to toluene diisocyanate in sensitized subjects. J Allergy Clin
Immunol 1985;75:568-72.

14. Mattey DL, Hassell AB, Plant M, Dawes PT, Ollier WR, Jones PW, et al.
Association of polymorphism in the glutathione S-transferase, GSTM1,
GSTM3, GSTP1 and GSTT1 loci with susceptibility and outcome in
rheumatoid arthritis. Ann Rheum Dis 1999;58:164-8.

15. Harries LW, Stubbins MJ, Forman D, Howard GCW, Wolf CR. Identifi-
cation of genetic polymorphism at the glutathione S-transferase Pi locus
and association with susceptibility to bladder, testicular and prostate can-
cer. Carcinogenesis 1997;18:641-4.

16. Board PG, Webb GC, Coggan M. Isolation of a cDNA clone and local-
ization of the human glutathione S-transferase 3 genes to chromosome
bands 11q13 and 12q13-14. Ann Hum Genet 1989;53:205-13.

17. Hemmingsen A, Fryer AA, Hepple M, Strange RC, Spiteri MA. Glu-
tathione S-transferase GSTP1 genotypes are associated with asthma risk:
development of an ARMS-PCR assay for the simultaneous identification
of the I105-V105 and A114-V114 substitutions. Respir Res 2001;2:250-5.

18. Kleinbaum DG, Kupper LL, Morgenstein H. Epidemiologic research:
principles and quantitative methods. Belmont, CA: Lifetime Learning
Publications; 1982. p. 438-42.

19. Mapp CE, Di Giacomo GR, Omini C, Broseghini C, Fabbri LM. Late, but

not early asthmatic reactions induced by toluene diisocyanate (TDI) are
associated with increased airway responsiveness. Eur J Respir Dis
1986;68:276-84.

20. Zocca E, Fabbri LM, Boschetto P, Plebani M, Masiero M, Milani GF, et
al. Leukotriene B4 and late asthmatic reactions induced by toluene diiso-
cyanate. J Appl Physiol 1990;68:1576-89.

21. Maestrelli P, Calcagni P, Saetta M, Di Stefano A, Hosselet JJ, Santonas-
taso A, et al. Sputum eosinophilia after asthmatic responses induced by
isocyanates in sensitized subjects. Clin Exp Allergy 1994;24:29-34.

22. Saetta M, Di Stefano A, Maestrelli P, De Marzo N, Milani GF, Pivirotto
F, et al. Airway mucosal inflammation in occupational asthma induced by
toluene diisocyanate. Am Rev Respir Dis 1992;145:160-8.

23. Saetta M, Maestrelli P, Di Stefano A, De Marzo N, Milani GF, Pivirotto
F, et al. Effects of cessation of exposure to toluene diisocyanate (TDI) on
bronchial mucosa of subjects with TDI-induced asthma. Am Rev Respir
Dis 1992;145:169-74.

24. Spiteri MA, Bianco A, Strange RC, Fryer A. Polymorphisms at the glu-
tathione S-transferase, GSTP1 locus : a novel mechanism for susceptibili-
ty and development of atopic airway inflammation. Allergy 2000;61:15-20.

25. Piirila P, Wikman H, Luukkonen R, Kaaria K, Rosenberg C, Nordman H,
et al. Glutathione S-transferase genotypes in allergic responses to diiso-
cyanate exposure. Pharmacogenetics 2001;11:437-45. 

26. Rowe D, Nieves E, Listowsky I. Subunit diversity and tissue distribution
of human glutathione S-transferases: interpretations based on electro-
spray ionisation-MS and peptide sequence-specific antisera. Biochem J
1997;235:481-6.

27. Malo J-L, Ghezzo H, D’Aquino C, L’Archeveque J, Cartier A, Chan-
Yeung M. Natural history of occupational asthma : relevance of type of
agent and other factors in the rate of development of symptoms in affect-
ed subjects. J Allergy Clin Immunol 1992;90:937-44.

28. Mapp CE, Chiesura-Corona P, De Marzo N, Fabbri LM. Persistent asthma
due to isocyanates: a follow-up study of subjects with occupational asthma
due to toluene diisocyanate. Am Rev Respir Dis 1988;137:1326-9.

29. Commissions des Communautes Europennes (CECA). Tables de refer-
ence pour les examens spirometriques. Luxembourg: Office des Publica-
tions Officielles des Communautes Europennes; 1971.


