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Exposure to several chemical compounds in the environment might worsen allergies.
However, it remains unclear which chemicals except for contact-sensitizing compounds mod-
ify inflammatory and immune responses and how. Thymic stromal lymphopoietin (TSLP), an
IL-7-like cytokine produced mainly by epithelial cells, plays important roles in the initiation
of allergic inflammation. We found that the painting of xylene on ear lobes induced produc-
tion of TSLP and exacerbated the picryl chloride-induced allergic dermatitis. Thus, there are
chemical compounds in the environment which do not have contact-sensitizing activity but
cause the production of TSLP and on exacerbation of allergic dermatitis.
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Introduction

Atopic dermatitis is an allergic inflammatory dis-
ease characterized by intense pruritus, chronic ec-
zematous plaques, and relapsing inflammation in-
duced by repeated exposure to the antigen. In the
inflamed skin, infiltration by eosinophils, the number
of mast cells, and Th2-type immune responses are
generally increased'?. It is important to prevent ex-
acerbation of the inflammation, from scratching for
example, which can destroy the barrier function of
skin and worsen the dermatitis. In addition, exposure
to chemical compounds in the environment might
exacerbate allergies. However, it remains unclear
which chemicals other than contact-sensitizing com-
pounds modify inflammatory and immune responses
and how. Therefore, it is necessary to establish a
suitable experimental model to identify chemical
compounds which worsen allergic dermatitis and to
clarify the molecular mechanisms involved.

Experimental models of allergic
dermatitis

At present, there are several animal models of der-
matitis with atopic dermatitis-like skin lesions. For
example, repeated epicutaneous exposure to con-
tact-sensitizing compounds such as 2,4,6-trini-
tro-1-chlorobenzene™ and paraphenylenediamine®,
or dust mite allergen” results in chronic contact
hypersensitivity. NC/Nga mice have also been used
as a model of atopic dermatitis*'”. The contact
hypersensitivity induced by contact-sensitizing com-
pounds is caused by Thl-dominant inflammation®®.
Importantly, the repeated application of such com-
pounds leads to responses different from those in-
duced by a single challenge. Repeated treatment with
antigenic compounds shifted the cytokine milieu
from Th1 to Th2, resulting in increased infiltration of
eosinophils and mast cells, and the induction of im-
mediate- and late-phase responses™. However, the
molecular mechanisms responsible for the shift in the
milieu are still unclear. Here we established a novel
model of chronic allergic dermatitis in which anti-
gen-nonspecific inflammation shifts the cytokine
milieu to a Th2-dominant reaction'. Namely,
12-O-tetradecanoyl 13-acetate (TPA) was painted
twice on the ear lobes of PiCl-sensitized mice to in-
duce antigen-nonspecific inflammation. The mice
were then challenged with PiCl painted on the same
ear lobe'”. This model showed features similar to

those observed in patients with atopic dermatitis: the
formation of crust, epidermal hyperplasia and vigor-
ous infiltration by leukocytes including eosinophils'.
The application of TPA induced a shift in the cyto-
kine milieu from a Thl- to a Th2-type profile, result-
ing in an exacerbation of the PiCl-induced allergic
dermatitis'”. Thus, this model would be suitable for
studying the mechanisms by which antigen-non-
specific inflammation worsens allergic dermatitis.

Role of Thymic stromal lymphopoietin
(TSLP) in the exacerbation of allergies

TSLP, an IL-7-like cytokine produced mainly by
epithelial cells'” and mast cells", plays important
roles in the initiation of allergic inflammation'.
TSLP production is increased at inflamed sites in
patients with severe asthma', atopic dermatitis ', and
allergic rhinitis'”. The allergic inflammation in an
animal model of asthma was significantly suppressed
in TSLP receptor-deficient mice'. In addition, the
intratracheal administration of anti-TSLP receptor
significantly reduced infiltration of eosinophils,
hyperplasia and Th2 cytokine production'. Lung-
specific expression of TSLP induced asthma-like
airway inflammation™”, and skin-selective expression
and the intradermal injection of TSLP induced atopic
dermatitis®*?. Thus, an excess of TSLP is enough to
cause allergic inflammation.

In our model, the application of TPA to the ear lobe
of the PiCl-sensitized mice markedly increased the
level of TSLP mRNA at 4 h'. Thus TPA-induced
production of TSLP might be one of the mechanisms
responsible for the shift forward a Th2-dominant
response.

Effects of chemicals in the environments
on TSLP production and allergic
dermatitis

The first cells to interact with chemical compounds
in the environment are the epithelial cells of the res-
piratory system, digestive tract and skin. Therefore, it
is likely that chemicals which attach to epithelial
tissues induce TSLP production by epithelial cells,
promoting Th2-type reactions and worsening the al-
lergic inflammation. Consequently, we assayed the
activity of various chemical compounds, which are
detected in the indoor environment, to induce TSLP
production in ear lobes of mice. Among the organic
solvents tested, xylene and related compounds such
as 1,2,4-trimethylbenzene significantly induced the
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production of TSLP protein. Interestingly, the activity
to induce TSLP production was highly dependent on
the position of methyl groups on the benzene ring.
Namely, m-xylene induced much more extensively
the production of TSLP than did o-xylene. These
findings suggested that xylene triggered TSLP pro-
duction by binding to a specific protein in a struc-
ture-dependent manner, and not through physical
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and/or chemical toxicity.

When painted on the ear instead of TPA, xylene en-
hanced the PiCl-induced thickening of the ear and
IL-4 production. Importantly, the xylene-induced
enhancement of these responses was reversed in
TSLP receptor-knockout mice, suggesting that xy-
lene exacerbated the PiCl-induced allergic inflam-
mation via production of TSLP.
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Fig. 1. Modification of allergies by exacerbating factors through production of TSLP.

Conclusion

Exogenous peptides/proteins and contact-sensitiz-
ing compounds act as antigens to induce allergies.
However, the antigenicity of xylene itself has not
been reported. Here we indicated that xylene, as well
as TPA, exacerbated antigen-induced allergic in-
flammation via TSLP production (Fig. 1). Thus, there
are chemicals in the environment which do not have
contact-sensitizing activity but cause the production
of TSLP and an exacerbation of allergic dermatitis.
Our models would be useful to detect such com-
pounds.
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Abstract

v

Pretreatment with parthenolide for 60 min inhibited the anti-
gen-induced degranulation of RBL-2H3 mast cells; the ICsq value
being 4.5+ 0.4 nM. The inhibition was not due to suppression of
the phosphatidylinositol 3-kinase pathway because the antigen-
induced phosphorylation of Akt was not inhibited by partheno-
lide. The antigen-induced increase in intracellular calcium levels
was prevented by parthenolide, suggesting that parthenolide in-
hibited the antigen-induced degranulation by suppressing an in-
crease in intracellular calcium levels. In support of this, partheno-
lide was found to prevent ionomycin-induced degranulation by
inhibiting an increase in intracellular calcium levels. Therefore,
parthenolide inhibits the degranulation of mast cells by prevent-
ing an increase in intracellular calcium levels.
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Tanacetum parthenium (L.) Sch. Bip. - Asteraceae - parthenolide
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In the course of searching for new inhibitors of mast cell degranu-
lation, we found that parthenolide (© Fig. 1), a sesquiterpene lac-
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Fig. 1 Chemical struc
ture of parthenolide.

tone isolated from the herb feverfew (Tanacetum parthenium [L.]
Sch. Bip. [Asteraceae]), inhibited the antigen-induced degranula-
tion of a rat basophilic leukemia cell line, RBL-2H3 [1].
Parthenolide is reported to have anti-inflammatory activities, in-
cluding inhibition of the formation of edemas generated by 12-0-
tetradecanoylphorbol 13-acetate in mouse skin [2] and by carra-
geenin in rats and mice [3,4]. [t was also reported to suppress im-
mune glomerulonephritis [5], gastric ulcers [6], migraines [7],
myocardial reperfusion injury [8], and bladder inflammation [9].
These effects are attributable to the inhibition of nuclear factor-
kB (NF-kB) [10]. However, the activation of NF-kB is not involved
in the signaling pathway for the antigen-induced degranulation
of mast cells. In this study, we examined the mechanism of action
of parthenolide.

When IgE-sensitized RBL-2H3 cells were incubated in medium
containing the antigen dinitrophenol-conjugated human serum
albumin (DNP-HSA; 50 ng/mL) and various concentrations of par-
thenolide, significant inhibition of mast cell degranulation was
induced only at 30 uM (© Fig. 2A). However, a 60-min preincuba-
tion with parthenolide before the antigen challenge enhanced
the inhibitory activity of parthenolide. Significant inhibition was
observed at 1 to 30puM in a concentration-dependent manner
(©Fig. 2B). At 30 pM, parthenolide almost completely inhibited
the antigen-induced degranulation (© Fig.2B). The ICsq value
was calculated to be 4.5 +0.4 pM. The phosphatidylinositol 3-ki-
nase (PI3K) inhibitor wortmannin (100 nM) also inhibited the
antigen-induced degranulation (© Fig. 2A and B). The maximum
inhibitory effect was obtained with 60 min preincubation (data
not shown). At such concentrations, parthenolide did not exhibit
cytotoxicity after 4h (Fig. 1S). Therefore, the inhibition of the
antigen-induced degranulation by parthenolide is not due to cy-
totoxicity. Subsequent experiments were conducted with 60 min
preincubation with parthenolide. Wortmannin (100 nM) inhib-
ited the phosphorylation of Akt (©Fig.3), but parthenolide
(30 M) did not (© Fig. 3). Therefore, the inhibition of the anti-
gen-induced degranulation by parthenolide is not mediated
through the suppression of the PI3K pathway. Degranulation in-
duced by the calcium ionophore ionomycin (1 M) and A23187
(1uM) was also inhibited by parthenolide at up to 30puM in a
concentration-dependent manner. However, the degranulation
induced by these compounds was not completely suppressed by
parthenolide (30 uM) or wortmannin (100 nM) (© Fig. 4A and B).
To clarify the mechanism of action of parthenolide, its effects on
intracellular calcium ([Ca?*]i) levels were examined. Fluorescence
intensity in the suspended cells was increased by the antigen
(CFig.5B), and treatment with parthenolide at 1 to 30 pM sup-
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Fig.2 Effects of parthenolide on antigen-induced degranulation. A IgE-
sensitized RBL-2H3 cells were incubated for 20 min in PIPES buffer contain-
ing DNP-HSA (50 ng/mL) and the indicated concentration of parthenolide.
B IgE-sensitized RBL-2H3 cells were preincubated for 60 min in medium
containing the indicated concentration of parthenolide. The cells were fur-
ther incubated for 20 min in PIPES buffer containing DNP-HSA (50 ng/mL)
and the corresponding concentration of parthenolide. Values are the
means for four samples with the SEM shown by vertical bars. Statistical
significance: ## p<0.001 vs. the unstimulated control, ** p<0.01,

*** p<0.001 vs. the stimulated control.

pressed the antigen-induced increase in [Ca%*]i levels in a con-
centration-dependent manner (€Fig.5C to F). These findings
suggested that parthenolide suppressed the antigen-induced in-
crease in [Ca?*]i levels, thereby inhibiting antigen-induced de-
granulation. Wortmannin (100 nM) also suppressed the increase
in [Ca?*]i levels almost completely (data not shown). To further
confirm that parthenolide inhibits an increase in [Ca?*]i levels,
changes in [Ca?*]i levels over time in randomly selected adherent
cells on the surface of glass-bottomed dishes were examined
with a confocal laser scanning microscope. The antigen stimula-
tion increased the level of [Ca?*]i in each adherent cell (© Fig. 6A),
but treatment with parthenolide (30 uM) almost completely sup-
pressed the antigen-induced increase in [Ca?*]i levels (© Fig. 6B).
Treatment with wortmannin (100nM) had the same effect
(©Fig.6C). The calcium ionophore ionomycin (1uM) also in-
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Fig.3 Effects of parthenolide on the antigen-induced phosphorylation of
Akt. IgE-sensitized RBL-2H3 cells were preincubated for 60 min with (+) or
without (-) parthenolide (30 uM) or wortmannin (100 nM). The cells were
further incubated for 15 min in PIPES buffer containing DNP-HSA (50 ng/
mL) and the corresponding concentration of parthenolide or wortmannin.
The levels of phospho-Akt and Akt were determined by Western blotting.
Similar results were obtained in three separate sets of experiments.
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Fig.4 Effects of parthenolide on ionomycin- and A23187-induced de-
granulation. RBL-2H3 cells were preincubated for 60 min in medium con-
taining the indicated concentration of parthenolide or wortmannin. The
cells were further incubated for 15 min in PIPES buffer containing iono-
mycin (1 pM) (A), or A23187 (1 uM) (B), and the corresponding concentra-
tion of parthenolide or wortmannin. Values are the means for four samples
with the SEM shown by vertical bars. Statistical significance: # p <0.01,
##p<0.001 vs. the unstimulated control, * p<0.05, ** p<0.01,

*** p<0.001 vs. the stimulated control.
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Fig.5 Effects of parthenolide on the antigen-induced increase in [Ca?*]i
levels in suspended cells. The IgE-sensitized cells were preincubated for

60 min in medium containing various concentrations of parthenolide (Cto F),
scraped off the wells, and suspended in medium. The cells were then loaded
with Fura-2 AM and stimulated with DNP-HSA (50 ng/mL), and [Ca?*]i levels
were determined with a fluorescence spectrometerin the presence of par-
thenolide. An arrow indicates when the antigen (Ag) was added.

creased [Ca**]i levels. Treatment with parthenolide (30 uM) or
wortmannin (100 nM) suppressed the ionomycin-induced in-
crease in [Ca**|i levels (©Fig. 7A), but the early phase increase
was partially retained (€ Fig. 7B and C). It was also observed in
the case of A23187 (1 M) (Fig. 2S). Different from the result of
the antigen stimulation, the ionomycin-induced degranulation
was not completely inhibited by parthenolide (30uM)
(©Fig.4A). This might be due to the finding that parthenolide
(30uM) did not completely inhibit the early phase increase in
[Ca?*]i levels (© Fig. 7B and C).

Parthenolide has been shown to inhibit NF-kB [10]. In addition, it
inhibited p38 mitogen-activated protein kinase (MAPK) in hu-
man monocyte-derived dendritic cells [11], and p42/44 MAPK in
rat primary microglial cells [12]. It was reported that inositol
1,4,5-trisphosphate produced by the PI3K pathway triggers an in-
crease in [Ca?*]i [13]. Our finding that parthenolide did not sup-
press the PI3K pathway (€ Fig. 3) but inhibited the antigen-in-
duced increase in the level of [Ca?*]i (©Fig.5 and 6) suggested
that it acts on a pathway other than that of PI3K.

Recently, Miyata et al. [14] reported that parthenolide inhibited
the mast cell degranulation induced by an antigen but had little
effect on that triggered by a calcium ionophore. The discrepancy
might be due to the different conditions used for the preincuba-
tion with parthenolide. They also reported that parthenolide in-
hibited mast cell degranulation by preventing microtubule for-
mation [14]. We indicated that parthenolide suppressed both
antigen-induced and calcium ionophore-induced degranulation
by inhibiting an increase in the level of [Ca?*]i. As it was reported
that an increase in cytosolic calcium maintains the plasma mem-
brane’s integrity through the formation of a microtubule ring
[15], it is possible that the reduction by parthenolide of [Ca2*]i
levels contributed to the decrease in microtubule formation. Fur-
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Fig.6 Effects of par
thenolide on the anti-
gen-induced increase in
[Ca?*]i levels in adher-
ent cells. The IgE-sensi-
tized cells were preincu-
bated for 60 min in me-
dium containing no
agent (A), parthenolide
0 (30 uM) (B), or wort-
0 200 400 600 mannin (100 nM) (C).
Time (sec) The cells were then
loaded with Fura-2 AM
and stimulated with
DNP-HSA (50 ng/mL).
[Ca**]ilevels in each cell
(10 cells) were deter-
mined with a confocal
laser scanning micro-
scope in the presence
of each drug. An arrow
indicates when the anti-
gen was added.
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ther study is necessary to clarify the mechanism by which par-
thenolide inhibits an increase in the level of [Ca2*]i without inter-
fering with the PI3K pathway.

Parthenolide prevents degranulation of mast cells by inhibiting
an increase in the level of [Ca?*]i. This inhibitory effect should al-
so be examined in human mast cells because there is a species-
dependent difference between these and rodent mast cells [16].

Materials and Methods

v

The culturing of rat basophilic leukemia RBL-2H3 cells (Health
Science Research Resources Bank) and sensitization with dinitro-
phenol-specific IgE were performed according to methods de-
scribed previously [17]. The sensitized cells were incubated for a
specified period in medium containing the antigen DNP-HSA
(50 ng/mL) in the presence or absence of parthenolide (purity:
>97%; Wako). The cells were also activated by ionomycin (1 uM,;
purity: > 98%; Calbiochem) or A23187 (1 uM; purity: > 98%; Cal-
biochem). The drugs were dissolved in dimethylsulfoxide
(DMSO) and added to the buffer. The final concentration of DMSO
was adjusted to 0.1% (v/v) in all groups. As a positive control, the
PI3K inhibitor wortmannin (purity: > 98%; Sigma) was used.
Cytotoxicity was determined by using 3-(4,5-dimethylthiazol-2-
yI)-2,5-diphenyltetrazolium bromide (MTT; Sigma) [17]. As an
index of degranulation, the level of hexosaminidase activity in

Downloaded by: Tohokun University. Copyrighted material.
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the buffer 20 min after the stimulation and in the cells were de-
termined as described [17]. Phosphorylation of Akt was deter-
mined after separation by sodium dodecylsufate-polyacrylamide
gel (8%) electrophoresis (125 V, 2 h), by Western blotting using a
polyclonal antibody for phospho-Akt (Ser473; Cell Signaling
Technology). After heating for 30 min at 60 °C in stripping buffer
(60 mM Tris-HCl, pH 6.7, 70 mM sodium dodecylsufate, and 0.7%
[v/v] 2-mercaptoethanol), Akt was reblotted with Akt antibody
(Cell Signaling Technology) [17].

[Ca?*]i levels were determined with a fluorescence spectrometer
(F-2000, Hitachi) in cells scraped off the wells, loaded with Fura-2
AM (Wako), and stimulated with DNP-HSA (50 ng/mL). To exam-
ine changes in [Ca?*]i levels in each cell, adherent cells on the sur-
face of the glass-based dishes (Iwaki) were loaded with Fura-2
AM, and stimulated with the antigen. The changes in [Ca?*]i levels
in randomly selected cells were determined with a confocal laser
scanning microscope (Fluoview FV 100, FV10-ASW, Olympus).
Percent of hexosaminidase released is expressed as the means +
SEM for four wells in one set of experiments. The statistical anal-
ysis of the results obtained was made with Dunnett’s test. The re-
sults were confirmed with at least three independent sets of ex-
periments.

Letters

Supporting information

The effects of parthenolide on cytotoxicity (Fig.1S) and on
A23187-induced increase in [Ca?']i levels in adherent cells
(Fig. 2S) are available as Supporting Information.
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Summary: Cytochrome P450 2A13 (CYP2A13) is a human CYP enzyme that is selectively expressed in
the respiratory tract. It plays an active role in the metabolic activation of a tobacco-specific procarcinogen.
In this study, the entire coding sequence and the exon-intron junctions of the CYP2A 13 gene obtained from
395 Japanese individuals were screened for genetic polymorphisms. Eight genetic polymorphisms were
found, of which seven gave rise to known variant alleles: CYP2A13*2, CYP2A13*3, CYP2A13*4,
CYP2A13*6, and CYP2A13*7. We identified a novel single nucleotide polymorphism (SNP), 5792T>C, in
exon 7 that caused an amino acid substitution (Ile331Thr). One of the 395 individuals included in the study
was heterozygous for the variant allele, and therefore, the frequency of the allele in the study population was

0.13%.

Keywords: CYP2A13; genetic polymorphism; SNP; Japanese

Introduction

Cytochrome P450s (CYPs) play an important role in the
metabolism of a variety of compounds, including therapeutic
agents, environmental toxicants, and chemical carcinogens.
CYP2A13 is selectively expressed in the human respiratory
tract; the highest level of expression is observed in the nasal
mucosa, followed by the tracheal mucosa, and finally the
lungs.'® CYP2A13 plays an active role in the metabolism of
many xenobiotic compounds such as 4-( methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK), which is a major tobacco-
specific procarcinogen, and N-nitrosomethylphenylamine and
is also involved in the detoxification of carcinogens including
N,N-dimethylaniline.” Therefore, CYP2A13 may play an

important role in xenobiotic toxicity and tobacco-related
carcinogenesis in the respiratory tract and lungs.

The CYP2413 gene is located in a CYP gene cluster on
chromosome 19.% To date, nine alleles of CYP2413 have been
identified (CYP2413*1—9)."® Genetic variations affecting
CYP2A13 enzyme function may lead to interindividual
variability in susceptibility to diseases, including lung cancer.
In the present study, we screened nine exons and exon-intron
junctions of the CYP2413 gene from 395 Japanese individuals
for genetic polymorphisms by using denaturing  high-
performance liquid chromatography (DHPLC). We identified
one novel single nucleotide polymorphism (SNP) of the
CYP2413 gene among the Japanese individuals included in
the study; this novel polymorphism was nonsynonymous.
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Table 1. Amplification and DHPLC conditions for CYP2A13 SNP analysis of genomic DNA

Exon (S;; e) Forward primer (5'-3') Reverse primer (5'-3") t‘:i!;?a:{flég) cl;fl}:s teli'f;?];”c(‘,)
1-5! 4,817 GCTACACACTCCACCTCCCAGAAACTCCAC AGGTGTGTCTGCTAACCAGGACATGAACGG 68 25 e
12 257 AACCACCCCAGCCATCACCA CCCACCCCGTGCCACCC 60 25 60.8, 62.8
22 244 GGGGGCTGCTCCCTCTAACCA ATCCACCTGGCCACCTTCCC 60 25 61.2, 64.2
32 236 CGCCCCCTGACCTCTCTCCA AGAAAGCGCGGGTTCCCG 60 25 64.0
42 241 TGACTCTCTCCCCAACCCCCTTC GTTGTGGTAGGGGCGTCACTGG 60 25 61.6, 62.6
52 260 TGACAGCTGTCCTTCCCTTCCCA CCTGGCTTTGCACCTGCCTG 60 25 59.7, 61.7
6-9' 3,528 CCCTAGCTCAAACCCTGGTCTCTCTGAGCC TTCCTCTCATCACAGCTCCTGAAGGACATC 65 25 —
6’ 230 AAGAGCATGGAGAGTGAGCTTGGTCT GAGGGTCTGGGGCCCTTCACTT 60 25 60.3, 62.3
7 286 CATCCCTGCTCTAAGACCCCTAGACAC GAAGTCCCCGTAGTCTGAGTGGTGG 60 25 58.5, 60.5
82 224 CCCCCAACCTGCCTCATTACACA TGTGAGCCGTGGCCTGGC 60 25 59.4, 60.4
9? 271 GAGAGTGGGCTTCACCTTCACCC GTTTCCCTGGCCCCGCC 60 25 59.8, 61.8, 63.8

'First-round PCR. ?Second-round PCR.

Materials and Methods

Human DNA samples: In the present study, DNA
samples were obtained at the autopsies of 395 diseased
patients in the Department of Pathology, Tokyo Metropol-
itan Geriatric Hospital, Tokyo, Japan, and were analyzed.
The research protocols were approved by the Ethics
Committees of the Tokyo Metropolitan Geriatric Hospital
and the Graduate School of Pharmaceutical Sciences,
Tohoku University.

Polymerase chain reaction (PCR) and DHPLC
conditions: The primer pairs used to amplify the nine
exons and the exon-intron junctions of the CYP2413 gene
are listed in Table 1. These primers were designed on the
basis of a genomic sequence reported in GenBank
(NG_000008.7). The first-round long PCR was performed
to specifically amplify exons 1—5 and 6-9 of the CYP2413
gene. Genomic DNA (10-50ng) was amplified using
LA-Taq DNA polymerase (TaKaRa, Otsu, Japan). The
PCR thermal profile consisted of an initial denaturation at
95°C for 1min; followed by 25 repetitive cycles of
denaturation at 95°C for 155, annealing at 68°C or 65°C
for 20s, and extension at 72°C for 5min; and then a final
extension at 72°C for 7 min.

The first-round PCR products were diluted 1:500 in
water and used as DNA templates for the second round
of PCR for amplification of all the CYP2413 exons. The
amplicons for each exon were generated using AmpliTaq
Gold PCR Master Mix (Applied Biosystems, Foster City,
CA, USA). PCR for the second round comprised an initial
denaturation at 95°C for 10 min; followed by 25 repetitive
cycles of denaturation at 95°C for 30's, annealing at 60°C for
30s, and extension at 72°C for 30s; and then a final
extension at 72°C for 7 min. Heteroduplexes were generated
by thermal cycling under the following conditions: 95°C
for 1min, followed by 45 temperature decrements of
1.5°C/min.

The PCR products were analyzed using the DHPLC
system WAVE (Transgenomic Inc., Omaha, NE, USA).
Amplified PCR samples (5 pL) were separated on a heated
C18 reverse-phase column by using 0.1 M triethylammoni-
um acetate (TEAA) in water and 0.1 M TEAA in 25%
acetonitrile at a flow rate of 0.9 mL/min. We determined
the temperature for heteroduplex separation of a hetero-
zygous CYP2413 fragment using the software that was
provided with the DHPLC system. The DHPLC running
conditions for each amplicon are summarized in Table 1.
The linear acetonitrile gradient was adjusted so that the
retention time of the DNA peak was 3—5 min. The resultant
chromatograms were compared with those of the wild-type
DNA. We sequenced both strands of samples in which
variants were detected using DHPLC.

To determine the linkage among the polymorphisms
identified in this study, we amplified long fragments of DNA
obtained from the individuals who were heterozygous for
both the SNPs by using PCR. The fragments were run on
gels, purified using columns, and then ligated to a pCR-XL-
TOPO vector (Invitrogen Co., CA, USA). The ligation
products was transfected into Escherichia coli, and single
colonies (each containing a plasmid with only one of the two
alleles) were collected and the plasmids were isolated, after
which the plasmid DNA was sequenced.

Results and Discussion

We found a novel SNP during this study and provide its
details below. SNP: 110224Hiratsuka013; GENE NAME:
CYP2413; ACCESSION NUMBER: NG_000008; LENGTH:
25 bases; SEQUENCE: y-TCCATGAGGAGAT_/ETGA-
CAGAGTGAT-3'.

DHPLC analysis showed that exons 1, 2, 3, 5, 7, and 9 in
the CYP2413 gene obtained from the 395 DNA samples
had distinct chromatographic profiles from those of the
wild-type DNA. We tested the specificity of DHPLC for
detecting the variant allele in these exons by comparing the

Copyright © 2011 by the Japancse Socicty for the Study of Xcnobiotics (JSSX)
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Table 2. Detected SNPs of the CYP2A13 gene in DNA samples
of 395 Japanese individuals

Nucleotide change Location Predicted amino acid change Frequency (%)

T4G>A Exon 1 R25Q 5:57
578C>T Exon 2 R101X 0.38
579G>A Exon 2 R101Q 0.13
1634_1635insACC ~ Exon 3 133_134insT 1,77
1706C>G Exon 3 D158E L7
3375C>T Exon 5 R257C 5.57
§792T>C Exon 7 1331T 0,13
7465C>T Exon 9 R494C 0.25

5792T>C (lle331Thr)
Wild-type (T/T)

Cc

Fig. 1. Nucleotide sequences of the CYP2A13 gene in exon 7
Although the sequences of only the sense strands are shown here,
both strands were sequenced. Arrows indicate the variant nucleo-
tide positions.

results of DHPLC with those of direct sequencing. Eight
SNPs (74G>A, 578C>T, 579G>A, 1634_1635insACC,
1706C>G, 3375C>T, 5792T>C, and 7465C>T), including
one novel SNP, were detected in the DNA samples of the
Japanese individuals included in the study (Table 2). The
novel SNP was 5792T>C in exon 7 (Fig. 1), and it resulted
in an amino acid change of Ile331Thr. Experimental
haplotype analysis by long PCR, cloning, and DNA
sequencing showed that three SNPs, 74G>A, 3375C>T,
and 5792T>C, exist in the same allele of the CYP2413 gene
(data not shown). One of the 395 individuals was
heterozygous for the novel SNP, and therefore, the
frequency of the allele in the study population was 0.13%.
The allele carrying the 74G>A, 3375C>T, and 5792T>C

SNPs has been designated CYP2413*10. The allele frequen-
cies of CYP2413*1 (wild type), *2 (74G>A and 3375C>T),
*3 (1634_1635insACC and 1706C>G), *4 (579G>A), *5
(7343T>A), *6 (7465C>T), *7 (578C>T), *8 (1706C>G),
and *9 (5294G>T) were 0.916, 0.054, 0.018, 0.001, 0.000,
0.003, 0.004, 0.000, and 0.000, respectively. The sequence
of each sample was confirmed by conducting at least two
different PCR amplifications.

The novel SNP 5792T>C is located in exon 7 of the
CYP2A413 gene and results in an amino acid substitution,
e331Thr. Smith et al. determined the crystalline structure
of CYP2A13,'” thus making it possible to predict precise
locations of amino acid substitution within the three-
dimensional structure. Ile331 is located at the start of the
J-helix of CYP2A13."" Although this amino acid residue is
not located on substrate recognition sites, it is known to be
highly conserved in the CYP2 family in mammals. There-
fore, the Tle331Thr substitution is expected to alter the
catalytic properties of CYP2A13. Further studies are
required to elucidate the functional characteristics of the
novel variant allele of the CYP2413 gene.

In conclusion, we identified a novel nonsynonymous SNP
in the CYP2413 gene in Japanese individuals. This non-
synonymous SNP was 5792T>C in exon 7, and it resulted in
an amino acid substitution, lle331Thr. In addition, the allele
containing the 74G>A, 3375C>T, and 5792T>C SNPs has
been designated CYP2413*10.
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Summary: Genetic polymorphisms of enzymes involved in the metabolism of carcinogens are suggested
to modify an individual's susceptibility to lung cancer. The purpose of this study was to investigate
the relationship between lung cancer cases in Japan and variant alleles of cytochrome P450 (CYP)
2A6 (CYP2A6*4), CYP2A13 (CYP2A13*1-*10), CYP4B1 (CYP4B1*1-*7), sulfotransferase 1A1
(SULT1A1*2), glutathione S-transferase M1 (GSTM1 null), and glutathione S-transferase T1 (GSTT1
null). We investigated the distribution of these polymorphisms in 192 lung cancer patients and in 203 age-
and sex-matched cancer-free controls. The polymorphisms were analyzed using various techniques
including allele-specific PCR, hybridization probe assay, multiplex PCR, denaturing high-performance
liquid chromatography (DHPLC), and direct sequencing. We also investigated allele and genotype
frequencies and their association with lung cancer risk, demographic factors, and smoking status. The
prevalence of the CYP2A6*4/*4 genotype in lung cancer cases was 3.6%, compared with 9.4% in the
controls (adjusted OR =0.36, 95% CI=0.15-0.88, P =0.025). In contrast, there was no association
between the known CYP2A13, CYP4B1, SULT1A1, GSTM1, and GSTT1 polymorphisms and lung
cancer. These data indicate that CYP2A6 deletions may be associated with lung cancer in the Japanese
population studied.

Keywords: lung cancer; CYP2A6; CYP2A13; CYP4B1; SULT1A1; GSTM1; GSTT1; genetic poly-
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Introduction

Lung cancer is a major cause of cancer-related death
worldwide. " In Japan, lung cancer is the most common cause
of death in the male population and the second most common
cause of death in the female population, after colon cancer.
Identifying the risk factors for lung cancer development is
essential to prevent this deadly disease. Environmental

exposure to tobacco smoke is the primary risk factor for lung
cancer.?® Tobacco smoke contains hundreds of known and
probable carcinogens that are either activated or detoxified by
xenobiotic metabolizing enzymes. In general, the metabolism
of xenobiotics consists of phases I and II. Phase I enzymes,
mainly cytochrome P450 (CYP), are typically involved in
metabolic pathways involving activation of carcinogens,
whereas phase II enzymes play a central role in detoxification.
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Human CYP2A6 and CYP2A13 are important phase I
enzymes involved in metabolizing nicotine and the metabolic
activation of tobacco-specific nitrosamines such as 4-(methyl-
nitrosamino)- 1-(3-pyridyl)-1-butanone (NNK).** CYP2A6
is mainly expressed in the human liver, whereas CYP2A13 is
selectively expressed in the human respiratory tract.>® To
date, a large number of CYP246 and CYP2413 genetic
polymorphisms and alleles have been identified (http://
www.cypalleles.ki.se/). These alleles are derived from
single nucleotide polymorphisms (SNPs) in regulatory and
coding regions, deletions, insertions, and conversions.
CYP246 *4 is a major mutant allele associated with decreased
metabolic activity.7’ Several studies have elucidated the role
of the CYP246*4 allele in tobacco dependence and lung
cancer risk.*'” Similarly, the CYP2413 polymorphism
3375C>T has been correlated with a reduced risk of lung
adenocarcinoma in a Chinese population.'”

CYP4B1 is primarily an extrahepatic form of P450.
CYP4B1 mRNA has been detected in the human lung and
bladder.'>® In animals, CYP4B1 is involved in the
metabolism of several xenobiotics such as 2-aminofluorene,
2-naphthylamine, and benzidine.*!* To date, seven variant
alleles of CYP4BI have been identified in French Caucasian
and Japanese individuals. We previously reported that the
alleles CYP4B1 *2 (AT881-882del, 993G>A, 1018C>T, and
1123C>T) and CYP4BI*3 (517C>T) are common in the
Japanese population.'® In particular, premature termination
of protein synthesis by the double nucleotide deletion
AT881-882del has been speculated to render the CYP4BI *2
allele non-functional. CYP4BI genotypes may have an effect
on the risk of bladder cancer;'” however, it is unclear
whether CYP4BI polymorphisms are associated with lung
cancer susceptibility.

Sulfotransferases (SULTSs) appear to play an important
role in phase II metabolism of xenobiotics, small endogenous
compounds, and procarcinogenic agents.'®'” Some studies
have shown that genetic polymorphisms of SULTIAI are
associated with susceptibility to lung cancer.?®?"

Glutathione S-transferases (GSTs) are phase II enzymes
that catalyze the conjugation of reactive intermediates to
soluble glutathione. Some GSTs are polymorphic, and
some genetic variants, such as GSTMI null and GSTTI
null, may be associated with increased susceptibility to lung
cancer.?>?¥ Homozygous deletions of the GSTMI and GSTTI
genes are common and result in complete loss of enzyme
activity.

We conducted a case-control study to examine the
association between the risk of lung cancer in Japanese
individuals and P450s CYP2A6 (CYP246*4), CYP2A13
(CYP2413*1-*10), CYP4B1 (CYP4BI *I1-*7), sulfotransferase
1A1 (SULTIAI*2), glutathione S-transferase M1 (GSTMI
null), and glutathione S-transferase T1 (GSTTI null) poly-
morphisms. In addition, we investigated the effect of
smoking status and genetic combinations on the association
between lung cancer risk and genetic polymorphisms.

Materials and Methods

Subject selection: From February 1995 to July 2003,
1,536 autopsies were performed at the Department of
Pathology, Tokyo Metropolitan Geriatric Medical Center,
Tokyo, Japan. DNA samples from 395 of these autopsies
were analyzed in this case-control study; 192 lung cancer
cases and 203 cancer-free controls were sex- and age-
matched. The smoking status of the individuals was
retrospectively determined by reviewing medical records,
and subjects were classified as smokers (including current
smokers and ex-smokers) and non-smokers (individuals who
have never smoked in their lifetime). Research protocols
were approved by the Ethics Committees of Tokyo
Metropolitan Geriatric Hospital and the Graduate School
of Pharmaceutical Sciences, Tohoku University.

Genetic analysis: The presence of CYP246 *4 (whole
gene deletion) was determined by the two-step allele-specific
PCR assay described by Oscarson et al.?* The first step
involved amplification of a region from exon 7 to approx-
imately 420bp downstream of exon 9 of CYP246 or the
CYP246/CYP2A7 hybrid from all individuals with or without
the deleted CYP246 gene. The reaction mixture contained
approximately 30 ng genomic DNA, 0.5 uM of each primer
(2AE7F, 5-GGCCAAGATGCCCTACATG-3'; 2A6RI1,
5 -GCACTTATGTTTTGTGAGACATCAGAGACAA-3"),
0.25mM dNTPs, LA Taq polymerase (TaKaRa, Otsu,
Japan), and 2x GC Buffer I (TaKaRa) in a total reaction
volume of 16 uL. The thermal cycling conditions were
as follows: 95°C for 1min; followed by 30 cycles of
denaturation at 95°C for 15, annealing at 60°C for 20s,
extension at 72°C for 3min; and a final extension at 72°C
for 7min. The PCR product was then used as a template in
the second step, in which the deleted CYP246 gene was
detected. PCR amplification was performed with 0.5 pL of
the first PCR product, 0.25 pM forward primer (2A6E8F,
5'-CACTTCCTGAATGAG-3', or 2A7ESF, 5'-CATTTCC-
TGGATGAC-3), 0.25puM reverse primer (2A6R2, 5'-
AAAATGGGCATGAACGCCC-3"), and 2x Amplitaq Gold
PCR Master Mix (Applied Biosystems, Foster City, CA,
USA) in a total volume of 20 pL. Thermal cycling conditions
involved an initial denaturation at 95°C for 10 min; followed
by 16 cycles of denaturation at 95°C for 30s, annealing
at 56°C for 30s, extension at 72°C for 2 min; and a final
extension at 72°C for 7min. Amplified products were
analyzed by electrophoresis in 1% agarose gel. The presence
of a CYP24-specific 1181-bp product amplified with the
2A6EBF/2A6R2 primer pair indicated the presence of wild-
type CYP2A6 (defined as CYP246 non*4 allele in this study).
The product amplified from the primer pair 2A7E8F/2A6R2
indicated a CYP246 deletion (CYP2A46 *4), and the presence of
the product in both reactions from one individual indicated
heterozygosity.

CYP2A13 genotypes were determined by our previously
described assay.zS) Long PCR was performed in the first

Copyright © 2011 by the Japanese Socicty for the Study of Xenobiotics (JSSX)



518 Yuichiro TaMAKI, et al.

round to amplify exons 1-5 and 6-9 of the CYP2413 gene
using 10-50ng of genomic DNA and LA-Taqg DNA
polymerase (TaKaRa). The thermal cycling consisted of an
initial denaturation at 95°C for 1 min; followed by 25 cycles
of denaturation at 95°C for 15, annealing at 68°C or 65°C
for 20s, and extension at 72°C for 5min; and then a final
extension at 72°C for 7min. First-round PCR products were
diluted 1:500 and used as templates for the second round
of amplification for all CYP2413 exons. The amplicons for
each exon were generated using AmpliTaq Gold PCR
Master Mix (Applied Biosystems). Second-round PCR
comprised an initial denaturation at 95°C for 10min;
followed by 25 cycles at 95°C for 30's, annealing at 60°C for
30s, and extension at 72°C for 30s; and then a final
extension at 72°C for 7 min. Heteroduplexes were generated
by thermal cycling under the following conditions: 95°C
for 1min, followed by 45 temperature decrements of
1.5°C/min. PCR products were analyzed with the DHPLC
system WAVE (Transgenomic Inc., Omaha, NE, USA). This
involved separating PCR products (5 pL) on a heated C18
reverse-phase column wusing 0.1M triethylammonium
acetate (TEAA) in water and 0.1M TEAA in 25%
acetonitrile at a flow rate of 0.9 mL/min. The temperature
for heteroduplex separation of a heterozygous CYP2413
fragment was determined with the WAVE software, and
the linear acetonitrile gradient was adjusted so that the
retention time of the DNA peak was 3—5 min. The resultant
chromatograms were compared with those of wild-type
DNA, and both DNA strands were sequenced for samples in
which variants were detected.

CYP4B1 *1 (wﬂd-type), CYP4BI*2  (AT881-882del,
993G>A, 1018C>T, and 1123C>T), CYP4BI*3
(517C>T), CYP4BI1*5 (993G>A), CYP4B1*6 (517C>T and
1033G>A), and CYP4B1*7 (AT881-882del, 993G>A, and
1018C>T) were also genotyped by the hybridization probe
assay described by Sasaki et al’? Analysis of the distribution
of the five polymorphisms (517C>T, AT881-882del,
993G>A, 1033G>A, and 1123C>T) allowed the character-
ization of six different CYP4B] alleles.

SULTIAL *1 (wﬂd—type) and SULTIAI *2 (638G>A) were
genotyped by a hybridization probe assay. The PCR
mixtures contained 3mM MgCl,, 0.5 uM each of the PCR
primers, 0.4uM of LC Red 640-labeled hybridization
probes, 0.2pM fluorescein isothiocyanate (FITC)-labeled
hybridization probes, 1uM LightCycler DNA Master
Hybridization Mix (Roche Diagnostics Inc., Mannheim,
Germany), and approximately 30ng of genomic DNA in a
final volume of 10 uL. The thermal profile consisted of 30s
of initial denaturation at 95°C, followed by 45 cycles at 95°C
for 1, annealing at 50°C for 5, and extension at 72°C for
5s. The analytical melting program involved melting
the PCR products at 95°C for 30s and at 40°C for 30s,
followed by increasing the temperature to 80°C at a
ramp rate of 0.2°C/s, with continuous fluorescence data
collection.

GSTM1 and GSTTI null (whole gene deletion) were
identified by a multiplex PCR assay described by Abdel-
Rahman et al.?® Genomic DNA (10-50 ng) was amplified in
a 20-pL reaction mixture containing 0.25 uM of each of the
GSTMI and GSTTI primers. Exon 7 of the CYPIAI gene
was co-amplified as an internal control. Thermal cycling
conditions comprised denaturation at 95°C for 10min; 30
cycles of denaturation at 95°C for 30s, annealing at 62°C
for 30s, and extension at 72°C for 30's; and a final extension
at 72°C for 7min. PCR products from co-amplification of
the GSTMI, GSTTI, and CYPIAI genes were analyzed by
electrophoresis in 2% agarose gel. The GSTMI and GSTTI
genes were detected by the presence or absence of a 215-bp
(corresponding to GSTMI) or a 480-bp band (corresponding
to GSTTI).

Statistical analysis: We evaluated the frequency
distribution of patient characteristics, including sex, age,
and smoking status, between the lung cancer cases and
controls with the chi-squared and unpaired t-tests. Hardy-
Weinberg equilibrium (HWE) was tested separately for each
genotype in the cases and controls. The crude odds ratio
(crude OR) and 95% confidence interval (95% CI) were used
as estimates of the relative risk. The adjusted OR was
calculated using binominal logistic regression to control for
sex, age, and smoking status. A two-tailed P value < 0.05
indicated statistical significance. All statistical analyses were
performed with Dr. SPSS software (Ver. 11.0.1).

Results

Cases and controls were classified according to sex, age,
smoking status, and histological types of lung cancer
(Table 1). The mean ages at the time of death were
80.3 £ 7.9 years in lung cancer patients and 80.3 £ 7.7
years in the cancer-free controls (P = 0.991). There were
no statistically significant differences in sex distribution
between the two groups (67.2% male cancer patients versus
69.0% male control patients, P = 0.705). More smokers
were present in the cancer group compared with the control
group (70.3% smokers among the cancer patients versus
51.7% smokers among the controls, P < 0.001). Of the 192
cancer patients, 41.7% had adenocarcinoma (AC), 24.5%
had squamous cell carcinoma (SQCC), 21.4% had small-cell
carcinoma (SCC), and 12.4% had other types of lung
cancer.

The genotype distributions of CYP246, CYP2413, CYP4BI,
SULTIAI, GSTMI, and GSTTI in lung cancer cases and
controls are summarized in Table 2. The frequency of
CYP246¥4/*4 in cancer cases was significantly lower than
that in the controls (adjusted OR =0.36, 95% CI=
0.15-0.88, P=0.025). Although the distribution of
CYP2413*1/*2 (9.4%) and *1/*3 (3.1%) in cancer cases
was lower than that in the controls (12.3% and 3.9%,
respectively), there was no significant association with lung
cancer risk. In addition, the CYP4BI, SULT141, GSTMI1, and
GSTTI genotypes were not associated with lung cancer risk.
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Table 1. The characteristics of subjects who had lung cancer
(cases) and those not having cancer (controls)

Characteristic (,,C:sf;z) (gczgggs) P-value
Gender, n (%)

Male 129 (67.2) 140 (69.0)

Female 63 (32.8) 63 (31.0) 0705
Mean age, n (SD) 80.3 (7.9) 80.3 (7.7) 0.991
Smoking status, n (%)

Non-smokers 39 (20.3) 78 (38.4)

Smokers 135 (70.3) 105 (51.7) <0.00

No information 18 (9.4 20 (9.9)

Histological type

AC 80 (41.7)

sQcC 47 (24.5)

sccC 41 21.4)

ASQC 4.1

LCC 1(0.5)

Unknown 7 (3.6)

AC + SQCC + SCC 1(0.5)

SQCC + SCC + ASQC 1(0.5)

AC + SQCC 42.1)

AC + SCC 1(0.5)

AC + Unknown 2 (1.0)

SQCC + SCC 3 (1.6)

AC, adenocarcinoma; SQCC, squamous cell carcinoma; SCC, small-cell
carcinoma; ASQC, adenosquamous cell carcinoma; LCC, large cell carcinoma;
SD, Standard deviation.

“Chi-squared test, bunpaired ¢ test.

Table 3 summarizes the relationship between the CYP246
and CYP2413 genotypes among lung cancer cases and
controls, stratified by smoking status. There was a statisti-
cally significant association between smokers carrying
CYP246*4/%4 and lung cancer risk (OR =0.32, 95%
CI =0.10-0.99, P=0.049). ORs were not calculated
for non-smokers carrying CYP2413*1/*2 and *1/73, as
the frequency was O in cancer cases. There was no
statistically significant association between the CYP4BI,
SULTIAI, GSTM1, and GSTTI genotypes stratified by
smoking status and lung cancer risk (data not shown).
When stratifying by histological type, no significant
association was found for any of the analyzed polymorphisms
and lung cancer risk (data not shown).

Discussion

In this study, we observed that polymorphism of the
CYP246 gene, but not of the CYP2413, CYP4B1, SULTIAI,
GSTMI, or GSTTI genes, was associated with decreased risk
of lung cancer in the Japanese population studied.

Defective CYP246 alleles have been associated with both
increased and decreased risks of lung cancer in different

ethnic groups. A Chinese lung cancer study suggested that

the presence of the defective allele CYP246 *4 increases lung
cancer rtisk.'” In contrast, a Japanese lung cancer study
suggested that the presence of the CYP246 *4 allele decreases
the risk of lung cancer.” The results of our study were
consistent with the latter study. CYP2A6 is responsible for
the metabolic activation of NNK, one of the components
of tobacco smoke. Reducing the production of ultimate
carcinogens may lead to decreased DNA damage and
reduced cancer development. This hypothesis was supported
by a statistically significant association between smokers
carrying CYP2A6*4/*4 and lung cancer risk.

To the best of our knowledge, this is the first case-control
study evaluating the relationship between CYP2413 genetic
polymorphism and lung cancer risk in the Japanese
population. CYP2A13 is highly active in the metabolic
activation of several carcinogens. Thus, we speculated that
reduction in enzymatic activity observed in the CYP2413*2
(74G>A and 3375C>T) allelic variant could provide some
protection against xenobiotic toxicity. Wang et al. reported
that Chinese individuals carrying the variant CYP2413 allele
(3375CT or TT) have a reduced risk of lung adenocarcinoma
in relation to light tobacco smoking, but protection against
lung squamous cell carcinoma was not observed.!?
Timofeeva et al. found no significant association between
CYP2413 polymorphisms and lung cancer risk in Caucasian
patients.”’ We also did not find significant association
between the variant CYP2413 allele and lung cancer.
Interestingly, none of the non-smokers with lung cancer
had the CYP2A13*2 or *3 alleles (Table 3). In non-
smoking individuals with low carcinogenic activity caused by
CYP2413 polymorphisms, the risk of lung cancer in the
population may be much lower than that in smokers with
CYP2A13 wild-type genotypes.

The effect of CYP4BI polymorphisms on susceptibility of
lung cancer has not previously been investigated. Our study
is the first to provide evidence that CYP4BI polymorphisms
may not be associated with lung cancer risk. Our previous
study indicated that CYP4BI genotypes may affect bladder
cancer risk.'” Thus, the effect of the CYP4BI polymorphism
may differ among human organs with respect to cancer
development.

Since SULT1A1 catalyzes the sulfation of numerous
carcinogenic and mutagenic compounds such as heterocyclic
and aromatic amines and polycyclic aromatic hydrocarbons,
it was suggested that the reduction in enzymatic activity
observed in SULTIAI *2 could affect the risk of lung cancer;
however, the association between SULTIAI*2 and lung
cancer risk was not statistically significant in this study.
Nevertheless, Liang et al. conducted a study on 805
individuals with cancer and 809 control subjects in China,
and demonstrated that the lung cancer risk was elevated
among individuals with the SULTIAI *2 allele.? The reason
for the discrepancy between our results and Liang’s is
unknown but may be related to differences in ethnicity,

sample size, or environmental carcinogen exposure.
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Table 2. Genotype and allele frequencies of CYP2A6, CYP2A13, CYP4B1, SULT1A1, GSTM1, and GSTT1 polymorphisms among

cases and controls and their association with lung cancer

Genotypes Cases, n (%) Controls, n (%) Cg;:; (C)S ! Ac:jguss;dccl))}l”
CYP246
non *4/non *4 122 (63.5) 118 (58.1) 1.00 1.00
non*4/*4 63 (32.8) 66 (32.5) 0.92 (0.60-1.42) 0.93 (0.61-1.43)
*4/*4 7 (3.6) 19 9.4) 0.36 (0.14-0.88)" 0.36 (0.15-0.88)"
Alleles
non *4 307 (79.9) 302 (74.4) 1.00
*4 77 (20.1) 104 (25.6) 0.73 (0.52-1.02)
CYP2413
*1/71 163 (84.9) 166 (81.8) 1.00 1.00
*1/*2 18 (9.4 25 (12.3) 0.73 (0.39-1.40) 0.75 (0.39-1.44)
*1/*3 6 (3.1) 8(3.9 0.76 (0.26-2.25) 0.77 (0.26-2.27)
Rare genotypes” 5.6) 4(2.0) — —
Alleles
*1 355 (92.4) 369 (90.9) 1.00
*2 18 (4.7) 25 (6.2) 0.75 (0.40-1.40)
*3 6 (1.6) 8 (2.0) 0.78 (0.27-2.27)
CYP4B1
*1/*1 52 (27.1) 48 (23.6) 1.00 1.00
*1/*2 67 (34.9) 61 (30.0) 1.01 (0.60-1.71) 1.00 (0.59-1.70)
*1/*3 23 (12.0) 32 (15.8) 0.66 (0.34-1.29) 0.65 (0.33-1.27)
*2/*2 19 (9.9) 20 (9.9 0.88 (0.42-1.89) 0.88 (0.42—-1.84)
*2/*3 14 (7.3) 16 (7.9) 0.81 (0.36-1.83) 0.80 (0.35-1.81)
*3/*3 7 (3.6) 7(3.6) 0.92 (0.30-2.83) 1.00 (0.32-3.14)
Rare genotypesd 10 (5.2) 19 9.4 — —
Alleles
*1 200 (52.1) 202 (49.8) 1.00
*2 122 (31.8) 121 (29.8) 1.02 (0.74—-1.40)
*3 52 (13.5) 64 (15.8) 0.82 (0.54—1.24)
SULTIAI
*1/* 120 (62.5) 132 (65.0) 1.00 1.00
/%2 70 (36.5) 68 (33.5) 1.13 (0.75-1.72) 1.12 (0.74-1.70)
*2/ %2 2(1.0) 3 (1.5 0.73 (0.12-4.46) 0.76 (0.12—4.71)
Alleles
*1 310 (80.7) 332 (81.8) 1.00
*2 74 (19.3) 74 (18.2) 1.07 (0.75-1.53)
GSTMI
Present 106 (55.2) 101 (49.8) 1.00 1.00
Null 86 (44.8) 102 (50.2) 0.80 (0.54-1.19) 0.80 (0.54—1.20)
GSTT!
Present 95 (49.5) 99 (48.8) 1.00 1.00
Null 97 (50.5) 104 (51.2) 0.97 (0.66—1.44) 0.97 (0.65-1.44)

OR, odds ratio; CI, confidence interval,

P < 0.05 (vs. CYP2A6 non*4/non*4).

°Chi-squared test. “Binominal logistic regression analysis adjusted by sex, age, and smoking status.
‘Rare genotypes included: CYP2413*1/*4, CYP2413*1/*5, CYP2413*1/*7, and CYP2413*1*10.

“Rare genotypes included: CYP4B1*1/*S, CYP4BI *1/*6, CYP4BI*1/*7, CYP4B1*2/*5, CYPAB1*2/*6, CYP4B1*2/*7, and CYP4BI*3/*7.
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Table 3. Effect of CYP2A6 and CYP2A13 genotypes by smoking status on lung cancer risk
Smokers Non-smokers
Genotypes
Cases/ controls Adjusted OR? (95% CI) P-value Cases/ controls Adjusted OR? (95% CI) P-value
CYP246
non *4/non *4 87/52 1.00 22/53 1.00
non*4/*4 43/43 0.61 (0.35-1.05) 0.074 15718 2.35 (0.96-5.72) 0.060
*4/*4 5/10 0.32 (0.10-0.99) 0.049 2/7 0.74 (0.144.01) 0.724
CYP2413
1/ 109/80 1.00 38/69 1.00
*T/*2 17/19 0.68 (0.33—-1.40) 0.293 0/5 — —
*11*3 5/3 1.51 (0.35-6.58) 0.585 0/3 — —
OR, odds ratio; CI, confidence interval.
“Binominal logistic regression analysis adjusted by sex and age.
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