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SUMMARY

Objective: Cellular detoxification mechanisms are mandatory for cellular protection against oxida-
tive stress and reactive oxygen species. One major group of antioxidative active enzymes involved in
cellular detoxification are the Glutathione S-Transferases (GST). Multiple subtypes like GSTM],
GSTPI, and GSTTI and variants of them are known, arising from allelic variations of the GST
loci. Moreover, functional variants occur in high percentages and have been associated with diseases
like bronchial asthma and bronchial hyperresponsiveness. The interplay of oxidative stress, detoxi-
fying genes like GSTs and the genesis of respiratory tract illness is under contradictory debate. In
this study, we analysed the potential association of GST-polymorphisms and chronic rhinosinusitis
(CRS).

Methods: In total 170 nasal tissue samples, 49 tissue samples from patients with CRS without nasal
polyps, 69 tissue samples from CRS with nasal polyps and 52 healthy tissue controls of the infe-
rior turbinate were analysed for their individual GST-status. Genotypes for GSTMI1 (null versus
present), GSTTI (null versus present), and GSTPI (Ilel05Val) were determined by Polymerase
Chain Reaction. The respective genotypes were correlated to the incidence of CRS with and without
nasal polyps in aspirin-tolerant and intolerant patients and to the individual health status concern-
ing asthma and allergies.

Results: No correlation between any GST-polymorphism and CRS with and without nasal polyps
or allergies or asthma or aspirin-intolerance was observed.

Conclusion: Our results do not suggest that there is a relevant genetic predisposition considering the
individual GST-status for the susceptibility of nasal respiratory epithelia leading to CRS.

Key words: Glutathione S-transferases, polymorphisms, chronic rhinosinusitis, oxidative stress,
asthma

INTRODUCTION

The interest in genetic diversity contributing to the individual
susceptibility to environmental distress and airway diseases has
emerged in recent years. Future advances in the management
of upper airway diseases are likely to be influenced by a bet-
ter understanding of genetic variations interfering with exog-
enous triggers and their relation to individual disease severity.
Glutathione S-Transferase (GST) isoenzymes play a critical
role in cellular metabolism by detoxification of oxidized and
corrupted molecules . The biologic activity of the respective
polymorphisms appears to provide the basis for inter-individ-
ual differences in detoxification capacity. Functional variants
of the different isoforms of GST (GSTP1, GSTM1, GSTT1)
occur frequently and their contribution to the onset of respira-
tory diseases is under discussion ¥
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For the lower airways, extensive work has been dedicated to
explore the relation of expressed candidate genes and the risk
of bronchial hyperresponsiveness (BHR) and asthma with
contradictory findings >+, Fryer et al. reported an asso-
ciation of GST-polymorphisms and the incidence and sever-
ity of both, BHR and asthma . Additionally, Feuillet-Fieux
postulated a potential role of GST activity and genotype in
modulating Pseudomonas aeruginosa lung infection in cystic
fibrosis patients V. Others have described an influence of
GSTP1 gene polymorphisms on the effect of antenatal ster-
oids on the newborn lung !?. More recent publications have
eluded striking histopathological similarities between chronic
rhinosinusitis (CRS) ¥ and bronchial asthma, suggesting com-
mon pathways in their etiology . However, little is known on
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the significance of GST-polymorphisms in the pathogenesis of
inflammatory diseases of the upper airways. Gilliland reported
an association of GSTPI with the risk and severity of acute
respiratory infections ®. Others found a 2-fold increased risk
of nasal polyps in individuals with the GSTT1-null genotype
suggesting the involvement of GST-polymorphisms in chronic
inflammatory diseases as well . In another study performed
by Arbag et al. analysing GSTM1 and GSTT1 only the com-
bined GSTM1-null/GSTT1-null genotype occurred more
frequently in nasal polyps 9. To shed more light on these few
and inconclusive data concerning the individual GST-status
and the development of inflammatory diseases of the upper
respiratory tract, we performed a detailed study investigating
the GSTM1, -T1, and -P1 polymorphisms in sinunasal mucos-
al samples obtained from patients with CRS without and with
nasal polyps and in nasal mucosal samples obtained from the
inferior turbinate from patients without CRS.

PATIENTS AND METHODS

Patients

In total, 170 consecutive patients (114 men, 56 female, mean
age 42 years) operated between May 2006 and January 2008
at the ENT-department of the University Medical Center of
the Johannes Gutenberg University Mainz were included in
this study. Tissue samples from normal inferior turbinate (n =
52) were obtained from patients subjected for surgery because
of nasal breathing impairment (turbinate reduction). One
hundred and eighteen sinunasal samples were collected from
patients operated because of chronic rhinosinusitis: 49 without
nasal polyps (CRSNP-) and 69 with nasal polyps (CRSNP").
CRS was diagnosed by nasal endoscopy and by computer
tomography 19, Sixtyfour of these patients were suffering from
allergies, diagnosed by prick test or radioallergosorbent test,
27 from asthma and 28 from aspirin-intolerance. Asthma and
aspirin-intolerance were clinically diagnosed by patients’ his-
tory. The samples were immediately used for DNA-isolation
or snap frozen in liquid nitrogen and stored at —80°C until
analysis of GST-subtypes and —polymorphisms.

DNA isolation

For DNA-isolation, the DNeasy Tissue Kit from Qiagen
(Hilden, Germany) was used according to the manufacturer’s
instructions. In brief, tissue was minced in liquid nitrogen
and digested using Proteinase K. After several washings and
centrifugation steps using special columns, the chromosomal
DNA was eluted and stored at -20°C until PCR-analysis.

PCR analysis of GST-subtypes and -polymorphisms

Concentrations of the isolated DNA-samples were defined
by OD260/280 measurement and adjusted to 20 ng/ul. GST-
subtypes —M and -T were analysed by Q-PCR using sub-
type-specific primers and probes. GST-Pl-polymorphisms
were analysed by P-specific primers and polymorphisms were
discriminated by specific probes (Table 1); sequences have
been published before ®. PCRs were performed in duplicate
for each primer set. We used the Taq-Man™-PCR tech-
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nology (GeneAmp® 5700 Sequence Detection System, ABI,
Weiterstadt, Germany). PCRs were performed using 100 ng of
each DNA-sample for amplification. After addition of 1.75 ul
of each primer (5 uM), 1.75 pl probe (2 uM), and 5.25 ul H,O
to 17.5 pl Mastermix (ABI) PCR was started. Thermal cycling
involved preincubation at 50°C for 2 min, followed by dena-
turation for 10 min at 95°C, 40 cycles were performed of dena-
turation for 15 sec at 95°C and annealing/extension for 1 min
at 60°C for T and M and 54°C for the P-GST-PCRs. Emission
ranges of the fluorescent dye was measured real-time during
PCR. To verify equal amounts of DNA subjected for amplifi-
cation, the housekeeping gene hupo (human acidic ribosomal
protein) was amplified for each sample using a predeveloped
assay (PDAR No.4310879, ABI). Samples resulting in Cs > 30
were qualified as positive. For all PCR-analyses, a no template
negative control was included.

Sequencing

Specificity of probe-annealing for the P-polymorphisms was
confirmed for representative samples by cycle sequencing (Big
Dye Terminator v1.1, ABI, Weiterstadt, Germany). For that,
samples were amplified with the same primers used before
extended by standard M13 sequences. Then, amplification
products were subjected for cycle sequencing reaction using
M13 standard-primers for verification of amplification spe-
cificity (ABI PRISM 310 Genetic Analyzer, ABI) (data not
shown).

Statistical analysis

Correlations between GST-status and CRSNP/CRSNP*,
allergies, asthma and aspirin-intolerance were analysed using
Fisher’s exact test (data are shown in cross tables). To analyse
correlations between asthma, allergy and aspirin-intolerance,
we calculated correlation coefficients. As these diseases are
slightly correlated, we calculated a new variable: ‘concomitant
diseases (CD)’, which says whether an individual suffers from
at least one of these discases. We analysed associations of
this new variable with GST-and CRS-status. For associations
between all diseases the (corrected) ®-coefficient was calculat-
ed. All analyses were regarded as explorative, and the p-values
of the corresponding tests are presented for descriptive reasons
only. The results of these tests can therefore not be consid-
ered as significant at any level. Calculations were performed
using the SPSS statistics software, version 15.0 (SPSS GmbH
Software, Munich, Germany).

RESULTS

We analysed the GST-status of 170 patients (mean age 42
years). Of these, 118 samples were from patients with CRS;
49 were taken from patients without and 69 with nasal pol-
yps. Fifty two samples of the inferior turbinate were taken
from patients without CRS subjected for surgery because of
nasal breathing impairment (turbinate reduction), acting as
controls. Data concerning patients’ allergies, asthmatics and
aspirin intolerance were collected (for details please refer to
the patients and methods section). Genotyping for the null
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Table 1. DNA-sequences of primers and probes used for PCR-analysis
of GST-variants.

GST-T1 reverse: 5-AGTCCTTGGCCTTCAGAATGA-3
GST-T1 Probe: 5’-6-FAMATGCTGCCCATCCCTGCCC-
TAMRA-3’

GST-M1 forward: 5-CTTGGAGGAACTCCCTGAAAAG-3’
GST-M1 reverse: S’-TGGAACCTCCATAACACGTGA-3
GST-M1 Probe:
5’-6-FAMAAGCGGCCATGGTTTGCAGG-TAMRA-3
GST-PI forward: 5-CCTGGTGGACATGGTGAATG-3’
GST-PI reverse:
5’-TGCTCACACCATAGTTGGTGTAGATGA-3
GST-P1 Probe AL1: 5-6-FAMTGCAAATACATCTCCCT-
TAMRA-3’

GST-PI Probe AL2: 5-6-FAMCTGCAAATACGTCTCC-
TAMRA-3’

genotypes of GSTM1 and GSTTI1 revealed frequencies of
52.9% (n = 90) and 23.5 % (n = 40), respectively. The frequen-
cy of the homozygous GSTP1 Vall05 variant was 15.3 % (n =
26), of the homozygous Ile105 variant was 48.2 % (n = 82), and
of the heterozygous Val/lle variant was 36.5 % (n = 62), which
is consistent with previously published data ©.

We correlated the obtained genetic data to CRS, asthma, aller-
gy, aspirin-intolerance and concomitant diseases (CD denotes
allergy and/or asthma and/or aspirin intolerance). Sixty-four
of our patients were suffering from allergies, 27 from asthma
and 28 from aspirin-intolerance. Eighty-eight patients suffered
from at least one of these. No statistical obvious correlation
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between any GST-variant or any combination of GST-variants
(GSTT1 and GSTM1, data not shown) and CRS was found.
A detailed analysis of aspirin-tolerant and intolerant patients,
allergy, asthma and CD did not show an obvious association
to any GST variant (Tables 2 and 3) (all p-values > 0.05). In
addition, we correlated CRS to allergies, asthma, aspirin-
intolerance and CD, as well as these diseases among each other
(Table 4). The highest correlation was observed for asthma
and aspirin intolerance (correlation coefficient, ® = 0.371),
which is in accordance with the well known clinical picture of
the Samter triad, characterized by asthma, polyposis nasi and
aspirin-intolerance. All other combinations correlated only at
lower levels.

DISCUSSION

The Glutathion-S-Transferases are a group of detoxifying
enzymes, mandatory to maintain cellular integrity. Under
oxidative stress cellular molecules lose functionality by the
reaction with reactive oxygen species (ROS) and the formation
of aducts like lipid-peroxides, DNA-strand breaks and others.
Studies on the lower respiratory tract gave evidence on the role
of these enzymes in the development of inflammatory diseases.
Romieu et al. investigated the severity of asthma in school
children in Mexico City in relation to their GSTMI status (7.
Children with functionally deficient GSTM1 showed a signifi-
cantly reduced lung function (measured by FEF 25-75), when
compared to children with the functional enzyme. Fryer et al.
reported an association between GSTP1 genotypes and atopic
airway disease 7. The GSTP1 genotype was related to severity
of airway dysfunction, as defined by BHR, which remained
significant after correction for gender, age and atopy. Two

controls CRSNP- CRSNP* p-value no CD CD p-value total
. 29 2 35 49 41 %
ST 32.2% 28.9% 28.9% 54.4% 45.6%
o 0.855 0.539
N 23 23 34 39 41 %
y 28.8% 28.8% 42.5% 48.8% 51.3%
o 10 13 17 18 2y 40
ST 25% 32.5% 42.5% 45% 55%
o 0.666 0.368
. ) 36 52 70 60 50
y 32.3% 27.7% 40% 53.8% 46.2%
27 28 27 44 38
lle/lle 32.9% 34.1% 32.9% 53.7% 46.3% 82
GST- 18 16 28 30 3
P1 llefVal 29% 25.8% 45.0% 0.328 48.4% 51.6% 0.818 62
7 5 14 14 12
Val/val 26.9% 19.2% 53.8% 53.8% 46.2% 26
52 49 69 88 82
total 30.6% 28.8% 40.6% 51.8% 48.2% 170

Table 2. Correlation between GST-polymorphisms and CRS without (CRSNP-), with nasal polyps (CRSNP*), and concomitant diseases (CD). CD
denotes allergy and/or asthma and/or aspirin intolerance. No correlation between any GST variant, CRSNP-, CRSNP* or CD was observed.
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putative mechanisms are suggested as to the association of
respective polymorphisms and BHR or asthma: increased
catalytic activity toward lipid hydroperoxides, resulting from
the reaction with ROS, in GSTP1 Vall05/Vall05 individuals
would decrease the ability of these ROS products to mobi-
lize arachidonic acid. Thereby synthesis of proinflammatory
eicosanoids might be reduced. Alternatively, decreased activ-
ity toward eicosanoids in GSTP1, Vall05/Vall05 individuals
would also reduce synthesis of proinflammatory leukotriens
@. The potential role of GSTP1 polymorphisms with respect to
the production of leukotriens and their bioavailability further
enhances the significance of these mediators in nasal inflam-
matory disease. It might also be a key aspect in the obvious
interindividual range of clinical phenotypes and could be
crucial for future treatment protocols, taking into account the
individual likelihood for good or poor treatment response. An
investigation including about 1200 Californian school children
detected a correlation between GSTP1 genotype and respira-
tory infections @ further supporting a role of these enzymes
in the onset of inflammatory diseases of the respiratory tract.
However, studies on the upper respiratory tract are rare. Two
groups analyzed patients with nasal polyps and reported find-
ings different to those from the lower airways. The authors
found an association of GSTT1-null or GSTT1-null in combi-
nation with GSTM1-null and nasal polyps, respectively 1519,
These results are not homogeneous, however, which might
suggest that the onset of inflammatory diseases of the upper
respiratory tract is linked to other GSTs than in the lower
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airways. To clarify this question, we now analysed the three
GST-polymorphisms under discussion in nasal mucosa of
control donors and patients with CRS from central Europe.
Special emphasis was put on the question whether there is a
correlation of GST-status and allergies or aspirin-intolerance.
However, we found no obvious association of GST polymor-
phisms and CRS, polyp formation, aspirin-intolerance or any
other analysed parameter. Our data give no evidence for the
involvement of the GSTs in upper airway diseases. This is not
in line with the two former studies reporting an association of
GST polymorphisms and nasal polyp formation. However,
as these two studies were performed exclusively in Turkish
patients, ethnic differences might be of relevance. Ethnical
differences of polymorphisms have been described earlier by
Paiva et al., who reported about polymorphisms of another
GST (GSTO2), detected in Europeans and Chilean Indians
with significantly different allelic frequencies 1®.

In summary, our results do not suggest that inflammatory dis-
eases of the upper respiratory tract occur on the same genetic
background as those of the lower respiratory tract as far as
GST-polymorphisms are concerned. Moreover, our data do
not indicate a genetic predisposition considering the individual
GST-status for the susceptibility developing chronic rhinosi-
nusitis and nasal polyps in German adults. Other environ-
mental and/or genetic factors might predispose to the onset of
inflammation of the upper airways.

asthma allergies aspirin-intolerance
total
no yes p-value no yes p-value no yes p-value
o 78 12 58 32 77 13 90
GST- 86.7% | 13.3% 64.4% | 35.6% 85.6% | 14.4%
M 0.402 0.635 0.536
o 65 15 48 32 65 15 %0
y 81.3% | 18.8% 60% 40% 81.3% | 18.8%
o 34 6 20 20 33 7 40
GST- 85% 15% 50% 50% 82.5% | 17.5%
6 1 0.092 0.811
. 109 21 86 44 109 21 130
¥ 83.8% | 16.2% 66.2% | 33.8% 83.8% | 16.2%
71 11 53 29 70 12
leflle | g6 6or | 13.4% 64.6% | 35.4% 85.4% | 14.6% 82
GST- 51 11 36 26 52 10
pr | HeVal gosg | gy | 0038 58.1% | 419v | 0081 83.9% | 16.1% | 0% 62
21 5 17 9 20 6
ValVal | g0, | 19.2% 654% | 34.6% 76.9% | 23.1% 26
total 143 27 106 64 142 28 70
84.1% | 15.9% 62.4% | 37.6% 83.5% | 16.5%

Table 3. Correlation between GST-polymorphisms and asthma, allergies and aspirin intolerance. No correlation between any GST variant and asth-

ma, allergies or aspirin intolerance was observed.
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aspirin- concomitant
allergy asthma intolerance diseases (CD)
CRS 0.021 0.195 0.328 0.141
allergy - 0.227 0.048 -
asthma - - 0.371 -

Table 4. Correlation coefficients [®] for diseases. Correlation coeffi-
cients were corrected. The highest correlation was observed for asthma

and aspirin intolerance.
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