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Interaction Between Catalase Gene Promoter
Polymorphisms and Indoor Environmental Exposure in
Childhood Allergic Rhinitis

Hsin-I Chen,* Yu-Ting Lin,* Chau-Ren Jung,* and Bing-Fang Hwang™®

Background: Allergic rhinitis (AR) is a highly prevalent chronic
inflammatory disease affecting nearly 40% of the children in Taiwan.
Genetic susceptibility may interact with specific environmental fac-
tors leading to allergic disease development.

Methods: To assess the interactions between catalase gene promoter
polymorphisms and environmental factors on the risk of AR, we con-
ducted a case-control study in Taiwan. Data on AR and environmental
factors were collected from 800 children using the ISSAC question-
naire. The case group consisted of 263 children with AR, and the
control group consisted of =537 healthy children. Genotyping was
performed for rs1001179 and rs769214 polymorphisms, and environ-
mental exposure was assessed using four indicators including dwelling
visible molds, mold odor, moisture on surfaces, and water damage.
Results: We found that the presence of visible molds, mold odor, and
moisture was associated with AR. An apparent joint effect of the GG
genotype and mold odor, compared with the AA and AG combined
genotypes and without any exposure indicator (adjusted odds ratio
[OR] = 1.95 [95% confidence interval (CI) = 1.20, 3.18]; interaction
adjusted odds ratio = 2.59 [95% CI = 1.27, 5.30]), was observed.
Conclusions: Our findings suggest that gene-environment interac-
tions between the catalase polymorphism rs769214 and mold odor
may play an important role in childhood AR development.
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llergic disease is a common chronic disease that has a
igh worldwide prevalence, especially in developing
countries.! Allergic rhinitis (AR) is a symptomatic inflam-
matory disorder mediated by immunoglobulin E (IgE) with
allergens.? Previous studies indicated that the worldwide prev-
alence of AR is approximately 10-25%'3 and that it increases
to more than 40% among children.’ Another study reported
that, among children and adolescents, the 1-year mean and
8-year (2000-2007) overall AR prevalence was 11.3% and
37.8%, respectively.* In addition to classical symptoms such
as runny nose, nasal blockage, and sneezing,>> AR may also
affect the quality of life in children and contribute distractions
during class hours.® A twin study conducted in the Nether-
lands reported that more than 70% of the variations found in
allergic disease can be attributed to genetic factors.” More-
over, a meta-analysis showed that several genes, for example,
the interleukin-4 receptor a-chain (IL-4RA) gene, may play
an important role in the development of AR.® Previous inves-
tigations have studied the function of other genes in AR, par-
ticularly those from the interleukin group.’ '3
The catalase (CAT) gene is located on chromosome
11p13 and encodes an important endogenous antioxidant
enzyme. Molecular genetics studies have shown that CAT
genes as well as its promoter have a high polymorphic rate
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and exhibit several single-nucleotide polymorphisms (SNPs).
When antioxidant mechanisms fail, reactive oxygen species
(ROS) damage biological molecules, thus leading to the devel-
opment of respiratory disease.®!* Previous studies reported
that the CAT gene is associated with asthma and that it might
play an important role in the mechanism of asthma develop-
ment.®!*!15 AR is a chronic respiratory disease, which has a
strong association with asthma.®!4-'® Rhinitis is also a major
risk factor for asthma.!” However, the association between
CAT gene and AR has not been assessed.

Previous studies have shown that genetic and environ-
mental factors are associated with allergic disease.!” A study
conducted in Finland found that mold stains and odor are
important factors leading to childhood AR.!® Another study
conducted in China reported that environmental factors such
as pets, house dampness, and fungal allergens could increase
the risk of AR in preschool children.!"” A meta-analysis
including 31 studies provided evidence that home damp-
ness and mold are strongly associated with rhinitis and AR
subcategories.?’ Another study, focused on early infancy (at
age 1), found that although exposure to visible mold (high
level) was not associated with AR, the risk of upper respira-
tory infection increased five times.?! However, the interac-
tion between genetic and environment factors is still unclear.
Therefore, we conducted a case-control study to investigate
the individual and combined effects of genetic and environ-
mental factors on AR.

METHODS

Study Population and Data Collection

We conducted a population-based case-control study to
assess the association between CAT gene polymorphisms and
environment in relation to AR in Taiwan. The source popu-
lation consisted of 44,000 elementary school children from
Taoyuan City. Their parents or guardians provided informa-
tion on children’s health, home environmental exposures, and
other relevant factors by using a modified Chinese version of
The International Study of Asthma and Allergies in Childhood
(ISAAC) questionnaires.

We approached a random sample of 864 children age
6—12 years older from the source population in 2013 and
identified 263 children who had been diagnosed with AR;
these patients were selected as cases. Children not suffer-
ing from any allergic disease (including asthma, AR, atopic
dermatitis, and allergic conjunctivitis) were selected as con-
trols. Thirty-seven children did not provide the saliva sample
for genotyping and 27 children provided incomplete ques-
tionnaires; therefore, the final study population consisted of
800 children (response rate = 800/864 = 93%) including 263
cases and 537 controls. The study protocol was approved by
the Institutional Review Board of the China Medical Uni-
versity, and it complied with the principles outlined in the
Helsinki Declaration.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Definition and Diagnosis of AR

AR is a chronic respiratory disease. Nasal mucosa
exhibits an inflammatory response mediated by IgE after con-
tact with allergens, causing a series of nasal symptoms (such
as runny nose, stuffy nose, itchy nose, and sneezing), which
may disappear either on their own or after treatment.'>!* AR
in the present study is defined according to the International
Study of Asthma and Allergies in Childhood (ISAAC) ques-
tionnaire. During the study, a physician diagnosed the children
with AR; these children were considered cases.

Genotyping

We collected saliva samples for each child around
10-11 am to avoid the possible variation of CAT for genotyp-
ing. In the present study, we focused on two CAT gene pro-
moter SNPs, namely, rs1001179 and rs769214. We extracted
genomic DNA using the Presto DNA Extraction Kit. We used
the Real-time polymerase chain reaction (PCR) TagMan SNP
genotyping assays C__11468118_10 and C___7618104_10 to
analyze rs1001179 and rs769214 polymorphisms, respectively
(Thermo Fisher, Waltham, MA). Each PCR was performed in
a total volume of 10 pl and consisted of 5 pul TagMan Universal
PCR Master Mix (2x), 0.5 pl TagMan Assay mix (20x), 10ng
DNA and ddH,O. Real-time PCR was performed following the
recommended conditions: denaturation at 95°C for 10 minutes,
followed by 40 cycles of denaturation at 92°C for 15 seconds
and annealing/extension at 60°C for 1 minute. 4,7,2"-trichloro-
7’-phenyl-6-carboxyfluorescein (VIC) and 6-carboxyfluores-
cein (FAM) signals were detected at 60°C for 1 minute.

Environmental Determinants of Interest

Four exposure indicators in the children’s households
(i.e., visible mold, mold odor, moisture, and water damage)
were defined from the answers to the following questionnaires:

(1) Visible mold: “Have you ever had visible mold in
your dwelling?” (no; yes, during the past 12 months;
yes, only earlier);

(2) Mold odor: “Have you perceived mold odor in your
dwelling during the past 12 months?” (no; yes, almost
daily; yes, 1-3 days a week; yes, 1-3 days a month);

(3) Moisture: “Have you ever had moisture in your
dwelling?” (no; yes, during the past 12 months; yes,
only earlier)

(4) Water damage: “Have you ever had water damage in
your dwelling?” (no; yes, during the past 12 months;
yes, only earlier.)

Any exposure indicator was defined as the presence of
any of the four exposure indicators defined above.

Covariates

Covariates included age, sex, environmental tobacco
smoke (ETS) defined as either paternal, maternal, or both
(yes) or none (no), parental education (<9, 10-12, 213 years),
parental atopy (including asthma, AR, and atopic eczema),
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breastfeeding duration (<1, 1-5, 26 months), daily time spent
outdoors (<1, 2—4, =5 hours), and presence of furry/feathery
pets or monthly observation of cockroaches at home (yes/no).

Statistical Analysis

For the dichotomous outcome variables, we applied a
logistic regression model with or without adjustment for the
aforementioned covariates to estimate the association among
polymorphisms of the CAT gene promoter, indicators of
four environmental factors, and AR. First, we applied logis-
tic regression models including all potential covariates listed
above and excluding the four environmental variables to
explore whether associations, if any, were observed. Covari-
ates found as determinants of AR and associated with indica-
tors of the four environmental factors were incorporated into
models.

We studied the joint effect of CAT gene promoter poly-
morphisms (rs1001179 and rs769214) and four environmental
factors on AR. We compared the odds ratios of AR within four

exposure categories. For rs1001179, (1) TT + CT genotype
and no exposure (reference), (2) CC genotype and no expo-
sure, (3) TT + CT genotype and exposure, and (4) CC geno-
type and exposure were considered. For rs769214, (1) AA +
AG genotype and no exposure (reference), (2) GG genotype
and no exposure, (3) AA + AG genotype and exposure, and
(4) GG genotype and exposure were considered. The genotype
distribution was examined by the exact test of Hardy-Wein-
berg equilibrium. To estimate gene-environment interactions,
we added an interaction term (gene % exposure) to the model
and used Wald’s method to assess the multiplicative interac-
tion. We used SAS 9.3 software (SAS Institute, Inc., Cary,
NC) to perform all statistical analyses.

RESULTS

Characteristics of Case and Control Subjects
Table 1 shows the distribution of characteristics among
case and controls, respectively: percentage of males (62.0%

TABLE 1. Characteristics of Case and Control Subjects
Categories Cases (n =263), n (%) Control (n =537), n (%) Odds Ratio (95% CI)
Age

<8 76 (28.89) 146 (27.19) 1.00 (reference)

8-10 158 (60.08) 337 (62.76) 0.90 (0.64, 1.26)

>10 29 (11.03) 54 (10.06) 1.03 (0.61, 1.75)
Sex

Male 163 (61.98) 249 (46.46) 1.00 (reference)

Female 100 (38.02) 287 (53.54) 0.53(0.39, 0.72)
Highest level of parental education (years)

>13 7(2.67) 19 (3.56) 1.00 (reference)

10-12 129 (49.24) 201 (37.64) 1.74 (0.71, 4.26)

<9 126 (48.09) 314 (58.80) 1.08 (0.45, 2.65)
Daily time spent in outdoor (hours)

>5 83 (31.56) 180 (33.52) 1.00 (reference)

2-4 144 (54.75) 286 (53.26) 1.09 (0.79, 1.52)

<1 36 (13.69) 71 (13.22) 1.10 (0.68, 1.77)
Duration of breastfeeding (months)

No 59 (22.43) 111 (20.67) 1.00 (reference)

<1 136 (51.71) 284 (52.89) 0.90 (0.62, 1.31)

1-5 49 (18.63) 110 (20.48) 0.84 (0.53, 1.33)

26 19(7.22) 32 (5.96) 1.12 (0.58,2.14)
Cockroaches

No 23 (8.75) 51(9.51) 1.00 (reference)

Yes 240 (91.25) 485 (90.49) 1.10 (0.66, 1.84)
Furry/feathery pets

No 225 (85.55) 460 (85.66) 1.00 (reference)

Yes 38 (14.45) 77 (14.34) 1.01 (0.66, 1.54)
Environmental tobacco smoke

No 108 (41.06) 203 (37.87) 1.00 (reference)

Yes 155 (58.94) 33 (62.13) 0.88 (0.65, 1.18)
Parental atopy

No 76 (30.04) 386 (71.88) 1.00 (reference)

Yes 184 (69.96) 151 (28.12) 5.95(4.31,8.23)
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vs. 46.5%), parental education between 10 and 12 years
(49.2% vs. 37.6%), less time spent outdoors (<5 hours), no
breastfeeding (22.4% vs. 20.7%) or breastfeeding more than
6 months (7.2% vs. 6.0%), exposure to cockroaches (91.3%
vs. 90.5%), furry or feathery pets in home (14.4% vs. 14.3%),
and parental atopy (69.9% vs. 28.1%).

Independent Effect of CAT Gene Promoter
Polymorphisms

Adjusted odds ratios were 1.05 (95% CI = 0.55, 2.01)
and 1.14 (95% CI = 0.84, 1.56) for rs1001179 (CC vs. TT
+ CT genotype) and 15769214 (AA + AG vs. GG genotype),
respectively (Table 2).

Independent Effect of Indoor Environmental
Exposure (Visible Mold, Mold Odor, Moisture,
or Water Damage) on AR

Table 3 shows the association between AR and differ-
ent environmental factors. Exposure to visible mold and mold
odor were positively associated with AR and the adjusted
odds ratios were 1.41 (95% CI = 0.96, 2.07) and 1.49 (95%
CI=0.76, 2.92), respectively.

Gene-environment Interactions in AR

Tables 4 and 5 show the joint effect of CAT gene pro-
moter polymorphisms (rs1001179 and rs769214) and indoor
environmental exposure on AR. We did not find any interac-
tion between rs1001179 and visible mold, mold odor, mois-
ture, or water damage (Table 4).

An association between rs769214 (GG genotype) and
exposure to visible mold and mold odor was observed. The
adjusted odds ratios were 1.70 (95% CI =1.10, 2.64) and 1.95
(95% CI = 1.20, 3.18) in children exposed to mold and mold
odor, respectively, compared with those with AA and AG
1s769214 variants without exposure. We found only an appar-
ent interaction (adjusted OR = 2.59 [95% CI = 1.27, 5.30])
between rs769214 polymorphism and mold odor on the risk
for AR development (Table 5). No other interactions with vis-
ible mold, moisture, or water damage were observed.

DISCUSSION

We initially approached a random sample of 864 chil-
dren, finally recruiting 800 children. All children voluntarily
participated in the study. The response rate was approximately
93% (800/864). Therefore, the studied sample was large
enough to evaluate effectively independent and combined
effects of CAT gene promoter polymorphisms and environ-
mental factors on AR development.

In the present study, our results show an increased risk
of 47% and 48% in the odds of developing AR in children
exposed to visible mold and mold odor, respectively. Although
we did not find an association between CAT gene promoter
polymorphisms and AR, our findings show an effect modifi-
cation between CAT gene and exposure to mold odor on the
development of AR. Our results suggest that GG homozygous
children are more likely to develop AR when exposed to mold
odor.

TABLE 2. Association Between Allergic Rhinitis and CAT Gene Promoter Polymorphisms (rs1001179 and rs769214)

Genotype Group Size No. of Allergic Rhinitis Cases Odds Ratio (95% CI) Adjusted® Odds Ratio (95% CI)
rs1001179
CcC 749 247 1.00 (reference) 1.00 (reference)
TT+CT 51 16 0.93 (0.50, 1.71) 1.05(0.55,2.01)
Hardy-Weinberg P = 0.86
1$769214
AA +AG 398 128 1.00 (reference) 1.00 (reference)
GG 402 135 1.07 (0.79, 1.43) 1.14 (0.84, 1.56)

Hardy-Weinberg P = 0.33

2All models were adjusted for age, sex, parental allergic histories, parental education, duration of breastfeeding, pets, cockroaches, and exposure to environmental tobacco smoke.

TABLE 3. Association Between Allergic Rhinitis and Different Environmental Factors

Exposure at Baseline Group Size No. of Allergic Rhinitis Cases Odds Ratio (95% CI) Adjusted® Odds Ratio (95% CI)
No exposure 315 90 1.00 (reference) 1.00 (reference)
Any exposure indicator 478 171 1.39 (1.02, 1.88) 1.28 (0.92, 1.78)
Visible mold 358 139 1.56 (1.08, 2.24) 1.47 (1.04, 2.09)
Mold odor 211 82 1.56 (1.14, 2.15) 1.48 (1.00, 2.09)
Moisture 242 94 1.59 (1.12,2.26) 1.41 (0.96, 2.07)
Water damage 57 20 1.38(0.77,2.48) 1.49 (0.76, 2.92)

2All models were adjusted for age, sex, parental allergic histories, parental education, duration of breastfeeding, pets, cockroaches, and exposure to environmental tobacco smoke.
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TABLE 4. Odds Ratios Between rs1001179 and Allergic Rhinitis Among Different Environmental Factors

Exposure Category Group Size Odds Ratio (95% CI) Adjusted* Odds Ratio (95% CI) Interaction
Visible mold

TT + CT, no exposure 31 1.00 (reference) 1.00 (reference)

CC, no exposure 410 1.13 (0.49, 2.61) 1.01 (0.42, 2.43)

TT + CT, exposure 20 1.92 (0.58, 6.38) 1.77 (0.50, 6.25)

CC, exposure 338 1.82(0.79, 4.19) 1.51 (0.63, 3.67)

rs1001179 x visible mold interaction 1.18(0.32,4.32)
Mold odor

TT + CT, no exposure 40 1.00 (reference) 1.00 (reference)

CC, no exposure 544 0.91 (0.46, 1.81) 0.82(0.39, 1.70)

TT + CT, exposure 10 0.52 (0.10, 2.80) 0.56 (0.10, 3.14)

CC, exposure 201 1.37(0.67, 2.82) 1.23 (0.57, 2.65)

rs1001179 x mold odor interaction 0.37 (0.06, 2.17)
Moisture

TT + CT, no exposure 38 1.00 (reference) 1.00 (reference)

CC, no exposure 520 0.94 (0.46, 1.90) 0.78 (0.37, 1.63)

TT + CT, exposure 13 0.96 (0.25, 3.76) 0.65 (0.15, 2.84)

CC, exposure 229 1.40 (0.67,2.92) 1.05 (0.49, 2.27)

rs1001179 x moisture interaction
Water damage

TT + CT, no exposure 47 1.00 (reference)
CC, no exposure 695 1.16 (0.61, 2.21)
TT + CT, exposure 4 2.36 (0.30, 18.44)
CC, exposure 53 1.21(0.52,2.82)

rs1001179 x water damage interaction

0.48 (0.11, 2.17)

1.00 (reference)
1.05 (0.53, 2.08)
3.12(0.38, 25.80)
1.23(0.50, 3.03)
2.65(0.29,23.97)

2All models were adjusted for age, sex, parental allergic histories, parental education, duration of breastfeeding, pets, cockroaches, and exposure to environmental tobacco smoke.

An important limitation of this study was that the expo-
sure assessment was based on parental reporting rather than
objective measurements. Therefore, the indoor environmen-
tal exposure such as visible mold or water damage may vary
leading to exposure misclassification. However, we consider
that parents of children with allergic symptoms could be more
aware of the housing conditions than those of healthy chil-
dren, suggesting an underestimation of the effect.

Another limitation was that we collected the information
based on the ISAAC questionnaire, which included most of the
known potential confounding factors, and we adjusted these
factors using a multivariate logistic regression model. However,
we cannot rule out confounding from other factors such as out-
door environmental pollutants, dust mites, or other indoor air
environmental factors. Moreover, in the present study, the out-
come assessment was performed according to the physician’s
reported AR diagnosis rather than by clinical examination,
which may increase the possibility of random misclassification.

The present study shows a positive association between
indoor environmental exposure (including visible mold, mold
odor, and moisture) and allergic rhinitis. These findings are
consistent with previous meta-analysis results; we observed
adjusted odds ratios of 1.87 (95% CI=0.95,3.68)and 1.51 (95%
CI = 1.39, 1.64) for mold odor and visible mold, respectively.?!
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Several studies have reported an association between the
CAT gene and asthma.®!*'® As AR has a strong association
with asthma, we hypothesized that this asthma candidate gene
may also play an important role in AR development. To our
knowledge, no study has yet explored the association between
the CAT gene and AR. Although we did not find an association
between CAT gene and AR, our results show an apparent effect
modification between CAT gene promoter polymorphisms and
mold odor exposure. This observation requires further investi-
gation with studies including larger sample sizes.

Many indoor environmental factors are well-known risk
factors for allergic disease.'®?? Our findings suggest that mold
odor and visible mold itself are important factors associated
with AR. A possible mechanism is that indoor mold, particu-
larly Penicillium, Aspergillus, Stachybotrys, and Cladospo-
rium, may release nonallergic fungal spore components or
metabolites.?*2° These products may contain 1,3-B-D-glucan
and ergosterol, which have immunosuppressive and inflam-
matory properties leading to toxic reactions by mycotoxins.?’
These reactions might produce symptoms of rhinitis such as
runny nose and congestion.?

Previous studies suggest that oxidative stress and anti-
oxidant defense mechanisms may play a role in the etio-
pathogenesis of AR.?*7! Catalase is known as an important

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Odds Ratios Between rs769214 and Allergic Rhinitis Among Different Environmental Factors

Exposure Category Group Size Odds Ratio (95% CI) Adjusted® Odds Ratio (95% CI) Interaction
Visible mold

AA + AG, no exposure 223 1.00 (reference) 1.00 (reference)

GG, no exposure 218 0.94 (0.62, 1.43) 1.06 (0.68, 1.63)

AA + AG, exposure 174 1.45(0.95,2.21) 1.42(0.90, 2.23)

GG, exposure 184 1.71(1.13, 2.58) 1.70 (1.10, 2.64)

1s769214 x visible mold interaction 1.14(0.61, 2.14)
Mold odor

AA + AG, no exposure 292 1.00 (reference) 1.00 (reference)

GG, no exposure 292 0.84 (0.59, 1.19) 0.87 (0.60, 1.26)

AA + AG, exposure 102 0.95(0.58, 1.54) 0.87 (0.51, 1.47)

GG, exposure 109 1.76 (1.12, 2.75) 1.95(1.20, 3.18)

1$769214 x mold odor interaction 2.59(1.27,5.30)
Moisture

AA + AG, no exposure 285 1.00 (reference) 1.00 (reference)

GG, no exposure 273 0.94 (0.66, 1.36) 1.00 (0.68, 1.46)

AA + AG, exposure 113 1.23(0.77, 1.94) 1.06 (0.65, 1.73)

GG, exposure 129 1.61 (1.05, 2.48) 1.55(0.98, 2.45)

1s769214 X moisture interaction 1.47(0.75, 2.88)
Water damage

AA + AG, no exposure 370 1.00 (reference) 1.00 (reference)

GG, no exposure 372 1.06 (0.78, 1.43) 1.14 (0.82, 1.57)

AA + AG, exposure 28 1.00 (0.44, 2.27) 1.18(0.49, 2.87)

GG, exposure 29 1.29 (0.59, 2.82) 1.51 (0.66, 3.46)

18769214 x water damage interaction

1.13(0.34, 3.75)

2All models were adjusted for age, sex, parental allergic histories, parental education, duration of breastfeeding, pets, cockroaches, and exposure to environmental tobacco smoke.

antioxidant endogenous enzyme,® which might modify the
risk of AR development after mold odor exposure.

The present study suggests that indoor environmen-
tal exposure, including visible mold and mold odor, may be
associated with AR, but there is no association of CAT gene
(rs769214) with AR that matches with previous studies.’
Therefore, it is important to further investigate these associa-
tions. We found that gene-environment interactions between
CAT gene (rs769214) and mold odor may play an important
role in childhood AR. It may imply that children who carried
GG variant allele and exposed to mold odor are more likely to
occurrence of AR.
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