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Background: It has been suggested that the genetically determined deficiency of glutathione S transferase
(GST) enzymes involved in the detoxification of environmental tobacco smoke (ETS) components may
contribute to the development of asthma.

Methods: A large population of German schoolchildren (n=3054) was genotyped for deficiencies of the
GST isoforms M1 and T1. The association between GSTM1 and GSTT1 genotypes and asthma as well as
atopy was investigated with respect to current and in utero ETS exposure.

Results: In children lacking the GSTM1 dllele who were exposed to current ETS the risk for current asthma
(OR 5.5, 95% Cl 1.6 to 18.6) and asthma symptoms such as wheeze ever (OR 2.8, 95% Cl 1.3 to 6.0),
current wheezing (OR 4.7, 95% Cl 1.8 to 12.6) and shortness of breath (OR 8.9, 95% Cl 2.1 to 38.4) was
higher than in GSTM1 positive individuals without ETS exposure. Hints of an interaction between ETS
exposure and GSTM1 deficiency were identified. In utero smoke exposure in GSTT1 deficient children was
associated with significant decrements in lung function compared with GSTT1 positive children not
exposed to ETS.

Conclusions: GSTM1 and GSTT1 deficiency may increase the adverse health effects of in utero and current
smoke exposure.

frequent chronic diseases in children in western

countries.' There is evidence that a genetic predisposi-
tion influences the ability of the immune system to interact
with the environment.>* In asthma a genetic predisposition
may also alter the capability of the airway to protect itself
against inhaled toxic substances from the environment. This
may lead to airway inflammation, damage the airway
epithelium, and diminish the barrier function of the airway.

Numerous studies have reported an association between
environmental tobacco smoke (ETS) exposure and respira-
tory diseases: Maternal smoking during pregnancy and early
childhood is associated with impaired lung growth and
diminished lung function® and, in asthmatic children,
parental smoking increases symptoms and the frequency of
asthma attacks.’

ETS consists of a complex mixture of gases and particles
including more than 4000 different chemicals.” The metabo-
lism and detoxification of tobacco smoke components are
essential mechanisms to minimise the toxic effects of ETS. In
humans glutathione S transferases (GSTs) are involved in a
broad range of these detoxification processes.® Four cytosolic
classes of GSTs have been identified—Alpha (A), Mu (M), Pi
(P), and Theta (T)—with each of these major classes
containing subclasses. For example, five different genes code
for Mu class GSTs (GSTM1-MS5). Located mainly in the
cytosol, GST enzymes catalyse the conjugation of electrophilic
substrates to glutathione, but also play an important role in
peroxidase and isomerase activities.® GSTs facilitate responses
to oxidative stress reactions, are involved in major detox-
ification pathways of polycyclic aromatic hydrocarbons, and
detoxify benzo[a]pyrene, a carcinogenic found in tobacco
smoke.® ? It is therefore likely that genetic alterations of GST
enzymes change the ability of the airways to deal with toxic
substances and influence airway inflammation and lung
development. Thus, GST genes have been suggested as
candidate genes for asthma."

! sthma and allergies have become some of the most

Genetic studies of the GST system have mainly focused on
the genes GSTMI1 (chromosome 1pl3.3) and GSTT1
(22q11.2) which code for the enzymes GSTM and GSTT,
respectively.'*" Whole gene deletions of GSTM1 and GSTT1
resulting in a complete loss of function of the respective
enzyme are common in white populations. Previous studies
on the effects of genetic alterations in GSTM1 and GSTT1
have reported associations between these genes and asthma,
bronchial hyperresponsiveness, and lung development.' '
We genotyped 3054 German children for the genetically
determined deficiency of GSTM1 and GSTT1 and investigated
the interaction of both genetic variants with in utero and
current ETS exposure in gene x environment interaction
models.

METHODS

In 1995 and 1996 a cross sectional study was conducted in
Munich and Dresden, Germany to assess the prevalence of
asthma and allergies in schoolchildren aged 9-11 years as
part of the worldwide effort to determine the prevalence of
asthma and allergy during childhood.'* Parental question-
naires for self-completion including the ISAAC core questions
were distributed through the schools to the parents to assess
respiratory health and exposure to ETS. Children underwent
skin prick testing, pulmonary function testing, and bronchial
challenge with hyperosmolar saline (4.5%). Blood was
obtained for serum IgE measurements and DNA extraction."*
Total serum IgE was measured in a 50% random sample of all
the children who had given blood in Dresden and all children
with blood available in Munich. In this study only children of
German origin who had both DNA and IgE data available
were included in the analysis (total N =3099, Munich

Abbreviations: ETS, environmental tobacco smoke; GST, glutathione S
transferase; MEF, maximum expiratory flow; MMEF, maximum mid
expiratory flow
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n=1159, Dresden n=1940). The study methods for all
phenotyping procedures have been described in detail else-
where.? " To test simultaneously for the presence or
absence of GSTM1 and GSTTI genes, a modified allele
specific PCR assay described previously was used.'
Additional information on the applied methods for pheno-
typing and genotyping is available as supplementary online
information on the Thorax website at www.thoraxjnl.com/

supplemental.

Analysis of data
x” statistics and Cochran-Armitage trend tests were used to
compare qualitative traits between groups. Total serum IgE
levels were summarised descriptively with geometric means
and 95% confidence intervals. For binary outcomes, logistic
regression models for gene x environment interactions were
used to estimate the combined effect of either GSTMI or
GSTT1 with exposure to smoking in pregnancy and currently,
adjusting for the effects of age, sex, city, and family history
(asthma, atopic rhinitis, or atopic dermatitis). This analysis
used the Botto-Khoury approach which summarises the data
in a 2 x 4 table, enabling evaluation of the independent and
combined roles of genotype and exposure on disease risk. The
relative risk estimates for each factor alone and for the
combined exposure are comparable because of the use of a
common reference group. Additionally, the departure from
the multiplicative model of interaction was derived from the
table.” Similarly, for continuous outcomes (lung function
variables) a two way analysis of covariance (ANCOVA) was
carried out to evaluate possible gene x environment
interactions, also adjusting for the possible confounders
mentioned above. With several outcomes, two genotypes, and
two smoking exposures, the problem of multiple testing
needed to be addressed. The Benjamini-Liu method controls
the false discovery rate (FDR), a criterion described in Reiner
et al** within a predefined family of tests. We used the
Benjamini-Liu multiple test correction with families for
asthma, wheeze, treatment, and lung function for each
smoking exposure and each genotype; within each family the
FDR was controlled to either 1% or 5% (fig 1A and B).

All calculations were carried out using the SAS software
package (version 8.2).

RESULTS

The study population successfully genotyped for this analysis
consisted of 3054 subjects who were all of German
nationality and origin. Of these, 1140 (37.3%) were from
Munich, western Germany, and 1914 (62.7%) were from
Dresden, eastern Germany. With respect to the prevalence of
atopic diseases and the distribution of age, sex, and socio-
economic markers, the population from both areas did not
differ from the subgroup which was not genotyped (data not
shown). However, ETS exposure in utero as well as in the
current household of the child was significantly more
prevalent in Munich than in Dresden (in utero: 14.2% v
4.4%; current ETS: 5.3% v 2.0%)

The frequency of the GSTMI1 null genotype was 51.6%
(Munich 51.9%, Dresden 51.4%) and the frequency of the
GSTT1 null genotype was 17.3% (Munich 16.3%, Dresden
17.8%). Double null genotypes (concomitant absence of both
GSTMI1 and GSTT1 alleles) occurred in 8.8% of the genotyped
samples (Munich 7.8%, Dresden 9.4%). No statistically
significant difference in allele frequency between the study
populations from Munich and Dresden was detected. The
allele distribution was within the range of previously reported
allele frequency of GSTMI1 and GSTTI null alleles in other
white populations.'”” Furthermore, the distribution of geno-
types in the population did not deviate from the expected
Hardy-Weinberg equilibrium.
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Figure 1 Combined effects on pulmonary function (% predicted) of
(A) GSTM1 and (B) GSTT1 genotypes and exposure in utero o
environmental fobacco smoke (ETS). *False discovery rate (FDR) < 5%;
statistically significant after Benjamini-Liv multiple testing correction.

We did not detect a major effect of GSTM1 or GSTT1 null
genotypes per se on the prevalence of asthma, asthma
symptoms, wheezing, or other atopic diseases in our
unstratified population sample of German children (table
El, online supplement). Furthermore, no effect of a double
null GST genotype on the prevalence of atopic diseases was
observed (data not shown). For the development of child-
hood asthma a gene x gene interaction model based on
GSTM1 and GSTT1 was rejected (data not shown).

When a combined analysis of smoke exposure and GSTM1
genotypes was performed, a significantly increased risk of
developing asthma, asthma symptoms, and wheezing was
apparent in children who had a GSTM1 or GSTT1 null
genotype and were also exposed to current ETS (tables 1 and
2). In children with a GSTMI null genotype exposed to
current ETS the increased risk was statistically significant for
all wheeze outcomes as well as for current asthma. For
children with a GSTT1 null genotype exposed to current ETS,
odds ratios (ORs) similar to those found in GSTMI1 were
observed. However, as the gene frequency was lower,
confidence intervals were wider and the trends were not
always statistically significant. In tables 1 and 2, expected
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exposure (=20 cigarettes)

Table 1 Botto-Khoury 2 x 4 table for analysis of gene x environment interactions for GSTM1 genotypes versus current ETS

(5) Expected ORS/departure

without cold 1.0 1.04 (0.34 to 3.18)

Outcomes (1) GSTM1+ and ETS—  (2) GSTM1+ and ETS+  (3) GSTM1— and ETS—  (4) GSTM1— and ETS+  from expected OR (11)
Current asthma 3.9 (29/735) 6.1 (2/33) 5.1 (39/758) 8.9 (4/45)

1.0 2.94 (0.61 to 14.05) 1.40 (0.85 to 2.30) 5.48 (1.62 to 18.55)* 4.10/1.34 (p=0.77)
Wiz @ 19.6 (142/725) 24.2 (8/33) 23.0 (172/748) 31.1 (14/45)

1.0 1.81 (0.75 to 4.41) 1.27 (0.98 to 1.64) 2.81 (1.31 to 6.04)* 2.30/1.22 (p=0.71)
Current wheeze 6.5 (47/726) 9.1 (3/33) 8.9 (67/749) 17.8 (8/45)

1.0 203 (0.55107.54)  1.50 (1.01 t0 2.22)* 474 (17910 12.57)  3.04/1.56 (p=0.56)
Current cough 15.5 (113/727) 12.1 (4/33) 15.5(117/753) 26.1 (12/46)

1.03 (0.78 to 1.37)

2.76 (1.23 to 6.17)* 1.07/2.58 (p=0.15)

*p value <0.05 compared with reference group.

1p value from the test for interaction from logistic regression model.
§Expected OR is the product of the ORs in columns 2 and 3.

In each cell the prevalence (%) of each outcome is shown with numbers of cases and total in parentheses. Adjusted odds ratio (OR) with 95% confidence intervals,
adjusted for age, sex, city, family history of asthma, hay fever, eczema and ETS exposure, are compared with the reference cell (second line of each cell). Column
1 shows the reference group without smoke exposure and without a genetic defect in the respective GST enzyme; column 2 shows the effect of GST deficiency
alone; column 3 shows the isolated effect of ETS exposure in children with the intact GST gene, respectively; column 4 shows the values for the combined effect of
the respective GST deficiency and concomitant ETS exposure; column 5 shows the expected OR under the assumption of a multiplicative effect, the departure from
the effect, and the statistical signiFicance of the depcrture from the mu|’rip|icc’rive model.

tDeparture from expected OR = OR in column 4 divided by the expected OR.

ORs for the combined effects of ETS exposure and GSTM1/
GSTT1 deficiency are shown as well as departures from the
expected OR for multiplicative interaction (column 5). As
shown in table 1, the effect of the GSTM1 null genotype
without ETS exposure was only marginal, while exposure to
ETS alone increased the risk for current asthma and asthma
symptoms regardless of the GSTM1 genotype. A combined
statistically significant effect of the GSTM1 null genotype and
ETS exposure was observed compared with children with no
ETS exposure and no GSTM1 deficiency (column 4), with
several variables showing a positive departure from the
expected OR for multiplicative interaction. However, this
departure did not reach statistical significance, thus only
hinting at a possible interaction (column 5).

Exposure to in utero ETS combined with a GSTM1 null
genotype showed a trend for an increased risk without
reaching statistical significance, while the combination of a
GSTT1 null genotype and in utero ETS showed no obvious
pattern (tables E2 and E3, online supplement). In the
analysis of current smoke exposure and GST genotypes,
asthma symptoms increased with the amount of current
smoke exposure with the strongest effect being observed in
children exposed to more than 20 cigarettes smoked in the
household (data not shown).

In a further analysis the combined effect of current or in
utero ETS exposure and GST genotypes on lung function
measurements was studied (fig 1A and B). In utero ETS
exposure combined with the GSTT1 null genotype showed
the strongest effect on lung function measurements (fig 1A).
All other lung function measurements showed small to very
large decreases in the GSTTI negative subgroup exposed to
ETS in utero. After correction for multiple testing, a
statistically significant interaction between ETS exposure
and GSTT1 deficiency was observed for the MEF;s and
MMEF measurements. The GSTM1 null genotype and in
utero ETS exposure showed a weaker combined effect on
lung function (fig 1B), statistically significant only in its
effect on MMEF. Current ETS exposure combined with GST
deficiency did not decrease lung function measurements in
our study population (data not shown).

DISCUSSION

This study has genotyped the largest population to date for
polymorphisms in GSTT1 and GSTMI. In contrast to previous
studies,” all 3054 eligible study subjects were white and of
German nationality and origin. Population stratification is
therefore very unlikely to have influenced the findings. The
population was carefully phenotyped for asthma and allergic

exposure (=20 cigarettes)

Table 2 Botto-Khoury 2 x 4 table for analysis of gene x environment interactions for GSTT1 genotypes versus current ETS

(5) Expected ORS/departure

without cold 1.0

1.50 (0.71 to 3.20)

1.08 (0.74 to 1.56)

6.72 (1.77 to 25.52)*

Outcomes (1) GSTT1+ and ETS— (2) GSTT1+ and ETS+ (3) GSTT1— and ETS— (4) GSTT1— and ETS+ from expected OR (t1)
Current asthma 4.8 (59/1238) 7.5(5/67) 3.5 (9/255) 9.1(1/11)

1.0 3.25(1.14 10 9.27)* 0.73 (0.35 to 1.50) 4.10 (0.43 to 39.04) 2.37/1.73 (p=0.67)
Wheeze ever 21.8 (266/1222) 25.4 (17/67) 19.1 (48/251) 45.5(5/11)

1.0 1.77 (0.92 fo 3.42) 0.84 (0.60 to 1.19) 437 (117 10 16.39)  1.49/2.93 (p=0.13)
Current wheeze 7.9 (96/1222) 13.4 (9/67) 7.1 (18/253) 18.2 (2/11)

1.0 261 (1.0910 621 0.90 (0.53 to 1.52) 330 (0.61 10 17.91)  2.34/1.41 (p=0.71)
Current cough 15.4 (189/1228) 16.2 (11/68) 16.3 (41/252) 45.5 (5/11)

1.62/4.15 (p=0.05)

In each cell the prevalence (%) of each outcome is shown with numbers of cases and total in parentheses. Adjusted odds ratio (OR) with 95% confidence intervals,
adjusted for age, sex, city, family history of asthma, hay fever, eczema and ETS exposure, are compared with the reference cell (second line of each cell). Column
1 shows the reference group without smoke exposure and without a genetic defect in the respective GST enzyme; column 2 shows the effect of GST deficiency
alone; column 3 shows the isolated effect of ETS exposure in children with the intact GST gene, respectively; column 4 shows the values for the combined effect of
the respective GST deficiency and concomitant ETS exposure; column 5 shows the expected OR under the assumption of a multiplicative effect, the departure from
the effect, and the statistical significance of the departure from the multiplicative model.
*p value <0.05 compared with the reference group.
tDeparture from expected OR = OR in column 4 divided by the expected OR.
1p value from the test for interaction from logistic regression model.
§Expected OR is the product of the ORs in columns 2 and 3.
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traits according to the international standards of the ISAAC
study protocols, and the validity of questionnaire derived
phenotypes has been shown previously.' The exposure of
children to ETS in the home was assessed by self-
administered parental questionnaires shown to be a valid
tool for measuring ETS exposure." *°

When ETS exposure was not included in the analysis,
neither GSTM1 nor GSTTI1 deficiency had an effect on the
development of asthma in this population (table E1, online
supplement). These findings indicate that the environmental
exposure to toxic substances is necessary to unravel the effect
of the genetically determined deficiencies in GST dependent
detoxification processes. In GSTMI1 deficient children
exposed to ETS, odds ratios for current asthma, wheezing
phenotypes, and current cough were significantly increased
while, for GSTT1 deficient children exposed to ETS, only
wheeze ever and current cough reached statistical signifi-
cance. When interaction models were applied as shown in the
Botto-Khoury tables, an overall trend for a positive effect was
found, mostly over and above the expected multiplicative
interaction between GSTM1 and GSTT1 deficiency and ETS
exposure. Even though the observed combined ORs deviated
consistently from expected multiplicative models, the devia-
tion above the expected multiplicative OR did not reach
statistical significance. This may largely be the result of the
relatively small number of subjects in the high risk groups,
even though more than 3000 subjects were initially included
and genotyped in this project. Power calculations indicate
that, based on our baseline disease prevalence rates, between
2.7 and 48 times more individuals would have been necessary
to reach statistical significance for all the observed interac-
tion effects. However, the statistically suggested interaction
between ETS exposure and GSTMI1 deficiency constantly
shown in our data adds to the plausibility of a biological
interaction between GST enzymes and components of ETS in
the detoxification process. Experimental data support these
epidemiological observations: In the lung tissue of GSTM1
deficient individuals higher levels of aromatic DNA adducts
have been found,” and cytogenetic damage to lung cells
caused by smoke exposure increases with GSTMI1 defi-
ciency.” This indicates increased damage to DNA and the
destruction of tissue due to diminished GSTMI1 function.
Also, GSTT1 negative individuals have been found to have
significantly higher levels of DNA damage than GSTT1
positive individuals in experimental in vitro settings.”
Furthermore, recent data indicate that GSTM1 may modify
the adjuvant effect of diesel exhaust particles on allergic
inflammation.*

Our findings suggest that the strongest effect on the
development of asthma and asthma symptoms occurs in
GSTMI1 and GSTTI deficient individuals currently exposed to
ETS. However, a small non-significant effect of in utero
smoke exposure in GSTMI1 deficient children on the
occurrence of asthma and asthma symptoms was also
observed in this population (tables E2 and E3, online
supplement). In contrast to our findings, Gilliland and
coworkers reported a major effect of in utero ETS exposure
on asthma and asthma symptoms in GSTMI negative
individuals in their population of children from the US,
whereas current ETS exposure showed only a non-significant
increase in asthma and wheeze."” The combination of these
findings indicates that GST negative individuals are at a
higher risk of developing asthma and asthma symptoms
which could be the result of in utero as well as current ETS
exposure. As both exposures are interconnected, our analyses
for the effects of in utero ETS exposure were adjusted for
current ETS exposure and vice versa. Both types of ETS
exposure showed independent effects on respiratory health in
GSTMI1 negative individuals in our analysis, but were only

www.thoraxjnl.com

Kabesch, Hoefler, Carr, et al

significant for current passive smoking where a trend for a
dose dependent effect was observed (data not shown).
Unfortunately, children heavily exposed to ETS in utero
could not be identified in our study as the extent of active
and passive smoking of mothers during pregnancy was not
assessed.

Evidence exists that smoking during pregnancy affects the
growth of the fetus and the maturation of the fetal lung,
resulting in an impairment of lung function in the newborn.”
Furthermore, previous studies have suggested that GSTM1
deficient children may have impaired lung function growth."
Our results suggest, however, that pulmonary function is
only affected in exposed subjects with a GSTT1 deficiency.
Interestingly, small airways were affected most while forced
expiratory volume in 1 second measurements remained
unaffected. As shown previously, early deficits in small
airway function may predispose children to transient wheez-
ing later in life.” Our data allowed us to define different
wheezing phenotypes retrospectively. Only wheezing persist-
ing from infancy to school age was associated with GSTT1
deficiency and ETS exposure (data not shown), which
suggests that small airway size may contribute to the
development of asthma. Since prevalence is determined by
incidence and duration of an illness, we cannot discriminate
whether the observed effects relate more to the severity or to
the incidence of asthma. While ETS exposure is a serious
health hazard for children in the general population, some
are even more susceptible to developing asthma and more
severe asthma symptoms when exposed to passive smoking.
GST deficiency and other genetic alterations in detoxification
pathways not yet studied may add to the adverse health
effects caused by passive and active tobacco smoking which
should be further investigated in large population samples.

Additional information is available as supplementary
online information on the Thorax website at
www.thoraxinl.com/supplemental.

Authors’ offiliations

M Kabesch, C Hoefler, D Carr, E von Mutius, University Children’s
Hospital Munich, Germany

W Leupold, University Children’s Hospital Dresden, Germany

S K Weiland, Institute of Epidemiology, University of Ulm, Germany

This study was funded by the German Ministry of Education and
Research as part of the German national genome research network,
grant GS 01 0122. MK was dlso funded by the carrier development
grant R186 from the University of Munich.

REFERENCES

1 International Study of Asthma and Allergies in Childhood (ISAAC) Steering

Committee. Worlcrwide variation in prevalence of symptoms of asthma,
allergic rhinoconjunctivitis, and atopic eczema: ISAAC. Lancet
1998;351:1225-32.

2 Kabesch M, Peters W, Carr D, et al. Association between polymorphisms in
caspase recruitment domain containing protein 15 and allergy in two German
populations. J Allergy Clin Immunol 2003;111:813-7.

Baﬁiini M, Lohman IC, Halonen M, et al. A polymorphism in the 5’ flanking

region of the CD14 gene is associated with circuf(;'rin soluble CD14 levels and

with total serum immunoglobulin E. Am J Respir Cell Mol Biol
1999,20:976-83.

4 lazarus R, Vercelli D, Palmer U, et al. Single nucleotide po| morphisms in
innate immunity genes: abundant variation and potential roﬁé in complex
human disease. Immunol Rev 2002;190:9-25.

5 Cook DG, Strachan DP, Carey IM. Health effects of passive smoking. 9.
Parental smoking and spirometric indices in children. Thorax
1998,53:884-93.

6 Cook DG, Strachan DP. Health effects of passive smoking. 3. Parental smoking
and prevalence of respiratory symptoms and asthma in school age children.
Thorax 1997;52:1081-94.

7 Lofroth G. Environmental tobacco smoke: overview of chemical composition
and genotoxic components. Mutat Res 1989,222:73-80.

BLAd0d Aq pa19aloid 1sanB Ad £20Z ‘02 UY9SeIN UO /w09 (g Xeloyy//:diy Wwoij papeojumoq “¥00g dung 8Z Uo L999T0° €002 XUYIETT 0T Se paysiiand 1siy xeioy L


http://thorax.bmj.com/

GST genotypes, ETS and asthma

8

13
14

LUNG ALERT

Sheehan D, Meade G, Foley VM, et al. Structure, function and evolution of
glutathione transferases: implications for classification of non-mammalian
members of an ancient enzyme superfamily. Biochem J 2001,360:1-16.
Alexandrov K, Cascorbi |, Rojas M, et al. CYP1A1 and GSTM1 genotypes
affect benzo[a]pyrene DNA adducts in smokers’ lung: comparison with
aromatic/hydrophobic adduct formation. Carcinogenesis 2002;23:1969-77.
Ivaschenko TE, Sideleva OG, Baranov VS. Glutathione- S-transferase micro
and theta gene polymorphisms as new risk factors of atopic bronchial asthma.
J Mol Med 2002;80:39-43.

Gilliland FD, Gauderman W1, Vora H, et al. Effects of glutathione-S-
transferase M1, T1, and P1 on childhood lung function growth. Am J Respir
Crit Care Med 2002;166:710-6.

Gilliland FD, Li YF, Dubeau L, ef al. Effects of glutathione S-transferase M1,
maternal smoking during pregnancy, and environmental tobacco smoke on
asthma and wheezing in chi|§ren. Am J Respir Crit Care Med
2002;166:457-63.

Menegon A, Board PG, Blackburn AC, et al. Parkinson’s disease, pesticides,
and glutathione transferase polymorphisms. Lancet 1998;352:1344-6.
Weiland SK, von Mutius E, Hirsch T, et al. Prevalence of respiratory and
atopic disorders among children in the East and West of GermanyrFive years
after unification. Eur Respir J 1999;14:862-70.

von Ehrenstein OS, von Mutius E, Maier E, et al. Lung function of school
children with low levels of alphal-antitrypsin and tobacco smoke exposure.
Eur Respir J 2002;19:1099-106.

Chen CL, Liv Q, Relling MV. Simultaneous characterization of glutathione S-
transferase M1 and T1 polymorphisms by polymerase chain reaction in
American whites and blacks. Pharmacogenetics 1996,6:187-91.

20

21

22

23

24

25

573

Botto LD, Khoury MJ. Commentary: Facing the cho"enge of gene-environment
interaction: the two-by-four table and beyond. Am J Epidemiol
2001;153:1016-20.

Reiner A, Yekutieli D, Benjamini Y. Identifying differentially expressed genes
using false discovery rate controlling procedures. Bioinformatics
2003;19:368-75.

Oddoze C, Dubus JC, Badier M, et al. Urinary cotinine and exposure to
parental smoking in a population of children with asthma. Clin Chem
1999,45:505-9.

Cook DG, Whincup PH, Papacosta O, et al. Relation of passive smoking as
assessed by salivary cotinine concentration and questionnaire fo spirometric
indices in children. Thorax 1993;48:14-20.

Ryberg D, Skaug V, Hewer A, et al. Genotypes of glutathione transferase M1
and P1 and their significance for lung DNA adduct levels and cancer risk.
Carcinogenesis 1997;18:1285-9.

van Poppel G, de Vogel N, van Balderen PJ, et al. Increased cytogenetic
damage in smokers deficient in glutathione S-transferase isozyme mu.
Carcinogenesis 1992;13:303-5.

Ollikainen T, Hirvonen A, Norppa H. Influence of GSTT1 genotype on sister
chromatid exchange induction by styrene-7, 8-oxide in cultured human
lymphocytes. Environ Mol Mutagen 1998;31:311-5.

Gilliland FD, Li YF, Saxon A, et al. Effect of glutathione-S-transferase M1 and
P1 genotypes on xenobiofic enhancement o?o”ergic responses: randomised,
placebo-controlled crossover study. Lancet 2004;363:119-25.

Cook DG, Strachan DP. Health e%ects of passive smoking. 10: Summary of
effects of parental smoking on the respiratory health of children and
implications for research. Thorax 1999,;54:357-66.

Improved survival with postoperative uracil-tegafur in stage 1 adenocarcinoma of

the lung

A Kato H, Ichinose Y, Ohta M, et al. A randomized trial of adjuvant chemotherapy with uracil-tegafur for adenocarcinoma

of the lung. N Engl J Med 2004;350:1713-21

fluorouracil is enhanced by uracil. While fluorouracil itself has no apparent effect on

Tegafur is a pro-drug that is converted to fluorouracil, and the serum concentration of

survival in non-small cell lung cancer, Japanese studies of uracil-tegafur have reported a
mortality benefit when used as an adjuvant therapy. In subgroup analysis this benefit was

confined to adenocarcinoma.

The present study randomised patients to receive oral uracil-tegafur (250 mg/m?*/day,
n =491) or no treatment (n =488) for 2 years following resection of stage 1 (TIMONO or
T2MONO) adenocarcinoma of the lung. Despite being an open label study, it was well
planned and adequately powered. Median follow up was 73 months. Overall there was a
statistically significant survival advantage favouring treatment (p =0.04) with a 5 year
survival of 88% (CI 85 to 91) compared with 85% (CI 82 to 89). On subgroup analysis this
difference was only apparent in those patients with T2 disease: 5 year survival with
treatment was 85% (CI 79 to 91) compared with 74% without (CI 66 to 81). There were few
serious drug related adverse events but only 61% of patients completed the 2 year treatment

period.

This study shows a survival advantage for postoperative adjuvant oral uracil-tegafur in

stage 1 (T2) adenocarcinoma of the lung.

M H Lawson
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ONLINE DATA SUPPLEMENT



MATERIALS AND METHODS

Subjects

In 1995 and 1996 a cross sectional study was conducted in Munich, western Germany and
Dresden, eastern Germany, to assess the prevalence of asthma and allergies in
schoolchildren aged 9-11 years as part of the International Study of Asthma and Allergies
in Childhood (ISAAC) (E1). Parental questionnaires for self-completion including the
ISAAC core questions were distributed through the schools to the parents. Children
underwent skin prick testing, pulmonary function testing and bronchial challenge with
hyperosmolar saline (4.5%). Blood was obtained for serum IgE measurements and DNA
extraction. Total serum IgE was measured in a 50% random sample of all children that had
given blood in Dresden and all children with blood available in Munich. In this study only
children of German origin who had both DNA and IgE data available were included in the
analysis (total N=3099, Munich n=1159, Dresden n=1940). The study methods for all
phenotyping procedures have been described in detail elsewhere (E1, E2, E3). Therefore,
only methods pertaining to this analysis are given below. Informed written consent was
obtained from all parents and all study methods were approved by the ethics committee of

the Bavarian Medical Council.

Questionnaire

Self-administered questionnaires included the ISAAC core questions on symptoms of
asthma, allergic rhinitis and atopic eczema (E1). Children whose parents reported a
doctor's diagnosis of either asthma, recurrent spastic or recurrent asthmatic bronchitis were

classified as having asthma. Asthma with a positive skin prick test reaction was defined as



atopic asthma; asthma without a SPT sensitisation was defined as non-atopic asthma. The
definition of “wheeze ever” was based on the ISAAC question: "Has your child ever had
wheezing or whistling in the chest". Current wheeze was defined as wheezing in the last
12 months. Current asthma was defined as wheezing symptoms during the last 12 months
in children with a doctor’s diagnosis of asthma. If wheezing within the last 12 month was
induced by exercise this was defined as current wheeze with exercise. Awakening at night
within the last 12 months due to wheezing was termed current wheezing at night. Current
cough without cold was defined as unproductive coughing within the last 12 months
without a cold, sneezing or fever. If a child had visited a doctor or had to take medication
due to breathing problems within the last 12 months this was termed current doctor's visit
due to asthma and current medication for asthma. The definition of atopic dermatitis and
hay fever was based on a parental report of a doctor’s diagnosis of atopic eczema and hay
fever, respectively. High socio-economic status was defined as either parent having had at
least 12 years of school education.

Current environmental tobacco smoke exposure and exposure to maternal smoking in utero
was characterized according to responses to the parental questionnaire. Current
environmental smoke exposure was classified in 4 categories: none, 0-9, 10-20 and > 20
cigarettes smoked per day by anyone living in the child’s household. In utero exposure to
maternal smoking was assessed by a positive answer to the question “Did the mother of the

child smoke during pregnancy”.



Skin prick test

The sensitivity to six common aeroallergens (Dermatophagoides pteronyssinus,
Dermatophagoides farinae, Alternaria tenuis, cat dander, mixed grass and tree pollen) was
assessed using highly standardized extracts and lancets (ALK, Horsholm, Denmark)
according to ISAAC phase II protocols. A child was considered sensitized if a wheal
reaction of more than 3mm occurred to at least one specific allergen after subtraction of the

negative control.

Total serum IgE measurements
Total serum IgE levels were measured using the Insulite system (DPC Biermann, Bad

Nauheim, Germany).

Lung function testing and bronchial challenge

In 9-11 year old children lung function was measured with the MasterScope Version 4.1
(Jager, Wiirzburg, Germany). A minimum of two baseline spirograms was recorded and
the highest of two reproducible (within 5%) measurements of forced expiratory volume in
one second (FEV)) was recorded as baseline FEV,. Bronchial reactivity was assessed in a
random sample of half the study population by changes in FEV, after inhalation of
nebulized, hyperosmolar (4.5%) saline for increasing periods of time using ultrasound
nebulizers (DeVilbiss Sunrise Medical, Langen, Germany). Bronchial challenge was
stopped either if the FEV, had fallen at least 15% from baseline or if the total inhalation

period of 15.5 min had been completed. All children were asked to refrain from all asthma



medications for at least 12 h before lung function testing. Children with a drop in FEV; of

15% or more from baseline were classified as having bronchial hyperresponsiveness.

Genotyping

Genomic DNA was extracted from leucocytes using a standard salting out method (E4).
To test simultaneously for the presence or absence of GSTMI1 and GSTTI genes, a
modified allele specific PCR assay established by Chen et al. was used (E5). Primers for
the amplification of GSTM1 (E6), GSTT1 (E7) and an unrelated genomic control sequence
(5’-TGC AAT TGT GAG GAT TTC ACA G-3’ and 5’-CCT GAA CAT GAT CTG TGG
ATC-3’) were obtained from Metabion (Martinsried, Germany). PCR reactions were
carried out in a total volume of 25 ul containing 2.5 ul PCR buffer (Puffer S, Peqlab,
Erlangen, Germany), 200 uM each dNTP (Peqlab), 0.4 uM of each GSTM1 primer, 0.4
uM of each GSTT1 primer, 0.25 uM of each control primer, 1 U Taq DNA polymerase
(Promega, Madison, Wisconsin, USA) and 40 ng DNA. After initial denaturation (96°C, 2
min), thirty-five cycles of denaturation (96°C, 40 sec), annealing (56°C, 40 sec) and
elongation (72°C, 50 sec), and then final extension at 72°C for 5 min were performed. PCR
products were run on agarose gels and visualized with ethidium bromide staining and
ultraviolet illumination. The visualization of a band for GSTT1 or GSTM1 was considered
as an indication for the presence of GSTT1 or GSTMI alleles in the sample. The absence
of a GSTT1 or GSTMI1 band in the presence of the control genomic template was
interpreted as a lack of GSTT1 or GSTMI alleles in the sample. For quality control, a

random selection of 5% of all samples was genotyped twice to assure genotyping accuracy.
p genotyp genotyping



Statistical analysis
Chi-square statistics as well as Cochran-Armitage trend tests were used to compare
qualitative traits between groups. Total serum IgE levels were summarized descriptively

with geometric means, and respective 95% confidence intervals. For binary outcomes,

logistic regression models for gene-environment interactions were used to estimate the

combined effect of either GSTM1 or GSTT1 with smoking exposition in pregnancy and at
present, adjusting for the effects of age, sex, city and family history (asthma, atopic
rhinitis, or atopic dermatitis). This analysis used the Botto-Khoury approach which
summarises the data in a two-by-four table, enabling the evaluation of independent and
joint roles of genotype and exposure on disease risk. The relative risk estimates for each
factor alone and for the joint exposure are comparable, due to the use of a common
reference group. Additionally, the departure from the multiplicative model of interaction
was derived from the table (E8). Similarly for continuous outcomes (lung function
variables), a two-way analysis of covariance (ANCOVA) was carried out to evaluate
possible gene-environment interactions, also adjusting for the possible confounders
mentioned above.

With several outcomes, two genotypes, and two smoking exposures, the problem of
multiple testing needed to be addressed. The Benjamini-Liu method controls the false
discovery rate (FDR), a criterion described in Reiner at al. '*, within a pre-defined family
of tests. We used the Benjamini-Liu multiple test correction with families for asthma,
wheeze, treatment, and lung function, for each smoking exposure and each genotype:
within each family, the false discovery rate was controlled to either 1% or 5% (Figures la

& 1b). All calculations were carried out using the SAS software package (version 8.2).



Table E1 Prevalence of asthma, asthma symptoms and atopic diseases by city and GSTM1 and GSTT1 genotypes

Munich & Dresden
(n=3054)

GSTMI (-)  GSTMI (+) GSTTI (-) GSTTI (+)
Asthma diagnosis 9.6 (148) 8.2 (120) 8.1 (42) 9.1 (226)
Current asthma 4.6 (72) 4.3 (64) 4.0 (21) 4.6 (115)
BHR 17.1 (119) 17.8 (111) 19.0 (42) 17.1 (188)
Wheeze ever 21.9 (338) 20.5 (299) 23.1 (120) 20.8 (517)
Current wheeze 8.7 (135) 7.8 (113) 8.7 (45) 8.2 (203)
S;rrrfi‘;teWheeze with 6.8 (106) 6.5 (94) 6.4 (33) 6.7 (167)
Current cough without cold 172 (268) 17.6 (258) 18.9 (99) 17.1 (427)
Atopic dermatitis 16.6 (252) 19.7 (282) 17.8 (90) 18.2 (444)
Hay fever 8.6 (133) 9.6 (139) 9.8 (50) 9.0 (222)
SPT reactivity 25.8 (393) 25.8 (370) 27.4 (142) 25.5 (621)



Table E2 Odds ratios and 95% confidence intervals for the combined effect of ETS exposure (in utero or >20 cig) and GSTM1

deficiency adjusted for age, sex, family history of asthma and ETS exposure.

Outcomes

Asthma

asthma diagnosis

current asthma

Atopic asthma

non-atopic asthma

Wheezing and asthma severity
wheeze ever

current wheeze

current wheeze with exercise
speech limiting wheeze

current wheeze at night

current cough without cold
Treatment

current doctor's visit due to asthma

current medication for asthma

* p <0.05
= <001

In utero ETS
GSTM1+

1.14 (0.52-2.50)
0.80 (0.23-2.73)
0.72 (0.21-2.43)
1.67 (0.61-4.53)

0.90 (0.50-1.61)
1.01 (0.41-2.48)
0.71 (0.24-2.08)
1.49 (0.42-5.32)
1.13 (0.33-3.93)
0.66 (0.33-1.32)

1.18 (0.51-2.75)
0.48 (0.14-1.60)

In utero ETS
GSTM1-

1.54 (0.82-2.89)
1.36 (0.57-3.26)
1.67 (0.77-3.65)
1.33 (0.49-3.60)

1.28 (0.80-2.05)
1.64 (0.84-3.18)
1.43 (0.9-2.93)

3.58 (1.52-8.43)**
1.71 (0.67-4.37)
1.52 (0.95-2.43)

1.02 (0.06-3.38)
1.15 (0.54-2.47)

ETS (>20 cig)
GSTM1+

2.11 (0.66-6.79)
2.94 (0.61-14.05)
0.88 (0.10-7.35)
3.42 (0.89-13.20)

1.81 (0.75-4.41)
2.03 (0.55-7.54)

5.48 (1.82-16.54)%*
6.98 (1.32-36.84)*

4.22 (0.86-20.63)
1.04 (0.34-3.18)

1.08 (0.27-4.25)
1.89 (0.51-7.06)

ETS (=20 cig)
GSTM1-

2.09 (0.70-6.19)
5.48 (1.62-18.55)%*
2.96 (0.80-10.89)
0.98 (0.12-8.02)

2.81 (1.31-6.04)**
4.74 (1.79-12.57)%*
6.46 (2.44-17.05)%*
8.93 (2.08-38.42)%*
5.28 (1.33-21.01)*
2.76 (1.23-6.17)*

1.62 (0.51-5.20)
3.50 (1.21-10.10)*



Table E3 Odds ratios and 95% Confidence intervals for the combined effect of ETS exposure (in utero or >20 cig) and GSTT1

deficiency adjusted for age, sex, family history of asthma and ETS exposure.

Outcomes

Asthma

asthma diagnosis

current asthma

atopic asthma

non-atopic asthma

Wheezing and asthma severity
wheeze ever

current wheeze

current wheeze with exercise
speech limiting wheeze

current wheeze at night

current cough without cold
Treatment

current doctor's visit due to asthma

current medication for asthma

* p <0.05
= <001

In utero ETS
GSTT1+

1.10 (0.63-1.91)
1.13 (0.53-2.41)
0.89 (0.41-1.93)
1.34 (0.63-2.88)

1.04 (0.69-1.56)
1.26 (0.70-2.26)
1.15 (0.61-2.15)

2.94 (1.37-6.28)**
1.44 (0.66-3.11)
1.23 (0.81-1.88)

1.10 (0.60-2.02)
0.83 (0.42-1.62)

In utero ETS
GSTT1-

1.57 (0.58-4.28)
0.49 (0.06-3.77)
1.98 (0.64-6.11)
0.83 (0.11-6.30)

1.13 (0.49-2.62)
0.98 (0.28-3.39)
0.34 (0.04-2.60)
1.06 (0.14-8.31)
0.00( - )
0.90 (0.34-2.40)

0.35 (0.05-2.65)
0.30 (0.04-2.29)

ETS (>20 cig)
GSTTI+

1.32 (0.51-3.43)
3.25 (1.14-9.27)*
0.69 (0.15-3.29)
2.30 (0.71-7.40)

1.77 (0.92-3.42)
2.61 (1.09-6.21)*
4.33 (1.92-9.75)**

7.78 (2.45-24.76)%*

3.04 (0.96-9.65)

1.50 (0.71-3.20)

1.07 (0.39-2.94)
2.10 (0.85-5.19)

ETS (=20 cig)
GSTT1-

4.87 (1.07-22.23)*
4.10 (0.43-39.04)
7.33 (1.39-38.71)*
0.00( - )

437 (1.17-16.39)*
3.30 (0.61-17.91)
4.59 (0.86-24.40)
0.00( - )
6.87 (0.69-68.32)

6.72 (1.77-25.52)**

0.77 (0.08-7.12)
1.29 (0.14-11.68)
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