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Abstract

The objective of this study was to determine if the association between exposure to ambient air pollutants such
as sulfur dioxide, nitrogen dioxde (NO,), nitrous oxide (NO), and PM,, and variation in lung function measures
was modified by genotype. A validated questionnaire was administered to 71 African children to evaluate
prevalence of respiratory symptoms. Atopy was evaluated by skin-prick testing and bihourly measures of lung
function (spirometry) were collected. Gaseous air pollutant concentrations were monitored continuously. CD 14
polymorphism was genotyped and plasma CD14 levels were measured. There was no statistically significant
association between the CD14 (159) CT+TT polymorphism with any asthma-related phenotype. There was a
significant association between lung function (forced expiratory volume in | second intraday variability) and NO,
and NO among participants carrying the CDI4 CT/TT genotype for lags |, 2, and the 5-day average. Similarly,
statistically significant gene—pollutant interactions (p < 0.05) were found with NO and CD14 CT/TT at lag 2 and
for the 5-day average. While there was no association with any respiratory phenotype (as determined by
symptoms), the CD 14 CT/TT genotype appeared to be protective to increased exposure to NO, and NO.
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Myeloid differentiation primary response gene 88
(MyD88)-dependent TLR signalling has been sug-
gested as a potential mechanism for the inflammatory
actions of pollutants.”

Introduction

With adverse respiratory health increasing morbidity
among children,' the effects of air pollution become
increasingly important and it is biologically plausible
that many pollutants modify innate and acquired
immune responses.? Genetic factors may also modify
the effect of these exposures and are critical determi-
nants of lung inflammation and pulmonary function.’
It is hypothesized that genetic differences that affect
responsiveness to endotoxin underlie the variability
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in airway responsiveness. CD14 is a high-affinity
receptor for endotoxin,® which acts by transferring
endotoxin and other bacterial ligands from circulating
lipopolysaccharide-binding protein to the toll-like
receptor’ (TLR4)/MD-2 signalling complex. Acute
endotoxin-rich bioaerosol exposure is a known cause
of acute lung disease and asthma exacerbation.

South Africa
“*Department of Environmental Health Sciences, University of
Michigan, Ann Arbor, Ml, USA

Corresponding author:

P Reddy, Department of Community Health Studies, Durban Uni-
versity of Technology, P.O Box 334, Durban, 4000, South Africa.
Email: poovier@dut.ac.za

Downloaded from het.sagepub.com by guest on May 3, 2016


http://www.sagepub.co.uk/journalsPermissions.nav
http://het.sagepub.com
http://het.sagepub.com/

Human and Experimental Toxicology

The gene encoding CD14 is localized on chromo-
some 5q31.1,> which is a region that has been linked
to asthma®’ and pulmonary function.® Polymorph-
isms in CD14 that influence the propensity to develop
asthma and allergy have been described. A cytosine to
thymine transition at base pair -159 in the promoter
region has been linked to atopic responses that include
serum IgE sensitization”'® and positive skin-prick
testing to allergens.'' ™ It has also been known to
be associated with decreased lung function® and
increased wheeze.!* In addition, elevated levels of
CD14 have been found in the airways of individuals
with asthma.'®> Although the CD14 (-159) C/T poly-
morphism has been extensively studied, results with
respiratory-related outcomes have been conflicting.
Some studies have indicated that the T-allele was a
risk factor,'® others the C-allele,'®, and some studies
found no association'” with respiratory-linked out-
comes. A meta-analysis concluded that there is a pro-
tective relationship between the CD14 -260 T-allele
and atopic asthma.'®

To our knowledge only one study has to date been
published on the effects of CD14 polymorphism on an
asthmatic African population. This study found that
the CD14 (-159) C-allele was significantly higher in
the asthmatic group when compared with controls
(p < 0.005)." In our South African population of indi-
genous African children, the frequency of the CD14
(-159) polymorphism, soluble CD14 and the risk con-
ferred on respiratory outcomes, was determined. Addi-
tionally, we evaluated if the association between
exposure to ambient air pollutants such as sulfur diox-
ide (SO,), NO,, NO, and PM;,, and variation in lung
function measures was modified by genotype.

Methodology
Study population

A sample of 71 indigenous African children (between
9 and 11 years old) from 7 primary schools was
recruited for this study, from the south and north com-
munities of Durban, South Africa. At each of the 7
schools, two fourth grade classrooms were randomly
assigned as classroom 1 and 2 and children were ran-
domly selected from these classrooms. Details of the
study sampling strategy have been presented else-
where.?® The south Durban region, recognized as one
of the most highly industrialized and most heavily
polluted areas in Southern Africa,?! includes exten-
sive residential areas. The University of KwaZulu-
Natal and the Durban University of Technology’s

Ethics Committees approved this study. Parental con-
sent for genetic analyses was obtained for all children.

Symptom and demographic data

A questionnaire was administered to all caregivers,
which included components addressing demographic
information, and respiratory and other relevant symp-
toms, using standardized validated questions from
sources such as the British Medical Research Council
and the American Thoracic Society. Characterization
of asthma severity (any asthma and persistent asthma)
was previously reported.?’ A child was considered to
have asthma of any severity if any of the following
were true: three or more non-exercise-related symp-
toms (e.g. cough, wheeze, chest tightness); exercise-
induced wheeze or cough reported at a frequency of
three or more times during the previous year; doctor-
diagnosed asthma, reactive airway disease and/or asth-
matic bronchitis; or doctor-prescribed medication
taken in the previous year. A child was considered to
have ‘persistent asthma’ if, first, the child met the diag-
nostic criteria for asthma of any severity, and second, if
any of the following were true: any daytime symptoms
(cough, wheeze, exercise-induced cough and wheeze,
and chest tightness) was reported as being present more
than two times per week; sleep disturbances due to
cough, wheeze, shortness of breath, or chest tightness
reported more than two times per month; and/or daily
use of doctor-prescribed medication.

Baseline spirometry was performed by experienced
technologists using the American Thoracic Society
criteria utilizing the Jaeger Flowscreen (ATS, 1995).
Spirometers were calibrated at least twice a day with a
3 L syringe. Bronchial airway hyperreactivity (BHR)
was categorized as marked (PC20, dose of methacho-
line causing a 20% fall in baseline forced expiratory
volume in 1 second (FEV;), < 4 mg/mL), probable (4
mg/mL < PC20 < 8 mg/mL), borderline/possible (8
mg/mL <PC20 < 16 mg/mL), and no hyperreactivity
(PC20 > 16 mg/mL). Marked, probable, and possible
BHR were categorized as ‘any evidence of bronchial
hyperreactivity’. Atopy was defined as a positive
response to one or more of the following antigens:
mixed cockroach; mixed dust mite; mould mix
(Aspergillus, Cladosporium and Penicillium); cat;
dog; mouse; rat; and grass, by skin-prick testing, with
histamine as a positive control and saline as a negative
control. A greater than 3-mm difference in mean dia-
meter between allergen and control wheal was con-
sidered positive.
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Bihourly measures of pulmonary function

A bihourly measure of lung function was collected at
the schools for 5 days per week over 3-week periods
in each of the four seasons using digital hand-held
devices: the AirWatch®™ (iMetrikus, Carlsbad, Cali-
fornia, USA) brand airway monitor. All schools were
studied simultaneously in the same calendar periods.
On each of the five schooldays during the week, par-
ticipants were asked to perform a session of three
consecutive forced expiratory manoeuvres every
one-and-a-half to two hours (four times per 5.5-h
school day: at approximately 08h00, 09h45, 11h30,
and 13h20). The highest FEV, from a valid expiratory
manoeuvre for each of the four daily sessions was
used in data analyses. An expiratory manoeuvre was
considered valid if the FEV, result (1) was between
30% and 120% of each child’s personal best as
defined by that child’s highest recorded FEV, during
baseline spirometry (performed by experienced tech-
nicians using the American Thoracic Society criteria);
and (2) came from expiratory manoeuvre that was
recorded by the Airwatch device as ‘error-free’.

Environmental monitoring of ambient pollutants

During each of the 4 intensive 3-week phases, gaseous
air pollutant concentrations were continuously mon-
itored: NO, and NO were sampled at 7 monitoring
sites using continuous gas-phase chemiluminescence
detection; and SO, was monitored continuously at 16
sites, including all 7 schools, using ultraviolet fluor-
escence spectrometry. PM;, was monitored gravime-
trically at 12 sites: at each school using 24-h
integrated measurements, and at 5 additional sites
using a tapered element oscillating microbalance.
Each pollutant was sampled using standard reference
methods and protocols. Details of these measurements
and the quality assurance program are reported
elsewhere.””

Genotyping and analysis of plasma
CD 14 concentration

All genotyping assays were conducted by a researcher
who was blind to child ID and disease status. Geno-
mic DNA was extracted using a PUREGENE DNA
isolation kit (Gentra, Minneapolis, Minnesota, USA).
The CD14 genotypes were determined by Tagman
Assays (Applied Biosystem, Foster City, California,
USA) using the Assay-by-Design (Tagman®™ SNP
Genotyping Assays) mix. The fluorescence of

polymerase chain reaction products was detected by
the ABI Prism ®7000 sequence detection system
(Applied Biosystems, Foster City, California, USA).
Positive and negative controls were included in the
analyses. Plasma CD14 levels were measured using
the Quantikine Human sCD14 Immunoassay™ (R &
D SYSTEMS, Minneapolis, Minnesota, USA). Reac-
tion color intensity was measured using the Bio-Tek
pQuant enzyme-linked immunosorbent asssay plate
reader.

Statistical analysis

CD 14 was dichotomized into two groups, based on
the absence or presence of the polymorphic allele
(wild-type homozygous (CD14 -159 CC) and hetero-
zygote and homozygous variant (CD14 -159
CT+TT)). Differences in genotype frequency
between cases (symptoms for any asthma or persistent
asthma; atopic or increased BHR) and non-cases (no
asthma symptoms, non-atopic, no BHR), were
assessed by the x? test. Associations of genotype with
either category of asthma, atopy, and BHR were
examined using multivariate logistic regression mod-
els, utilizing gender and exposure to environmental
tobacco smoke as covariates. Linear regression mod-
els were fitted using generalized estimating equations
(GEEs, assuming normal distribution with identity
link) using PROC GENMOD for SAS to accommo-
date the correlation structure arising from repeated
measurements on the same individual.

Within-day variability for FEV, was defined as
100 x (the maximum best FEV; — minimum best
FEV)/maximum best FEV, where the ‘best FEV,’
is the highest valid value for the specific time of day
(08h00, 09h45 and 11h30, 13h20), thus providing a
single summary lung function measurement per child,
per day. We used a dominant coding model to assess
the genotype effects in the statistical models. Covari-
ates used in the GEE models included race, school,
caregiver smoking, caregiver education, household
income, and season. The gene—environment interac-
tion was assessed for associations of exposure to SO,,
NO, NO,, and PM,, with FEV, intraday variability,
using the CD14 (-159) polymorphism as the effect
modifier. Daily exposure estimates were based on the
child’s school: PM,, and SO, used school-based mea-
surements; and NO and NO, used the spatial average
across either north Durban (three schools) or south
Durban (four schools), as not all schools had NO,
monitors. Multiple imputation procedures (repeated
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five times for each exposure parameter) were used to
obtain a complete data set. Lag effects were modelled
to account for both acute and prior exposure effects,
and included lags of 1-2 days as well as the 5-day
average. The percentage change in within-day varia-
bility in FEV; was estimated for an increase of one
inter-quartile range in each pollutant (NO,: 8.19 ppb,
NO: 29.7 ppb, PM,o: 29.4 pg m > and SO,: 9.8 ppb).
An adverse effect in lung function would be denoted
by an increase in the estimate for intraday variability
in FEV;. SAS (version 9.1) and STATA (version 9,
College Station, Texas, USA) was used for analyses.

Results

Demographic, phenotypic, and genotypic characteris-
tics are presented in Table 1. The average age of the
children in this study was 10 years; almost 50% of
them reported passive exposure to tobacco smoke.
Almost 28% of the population were atopic and 35%
reported having any category of asthma. Approxi-
mately 63% of the study population carried the
wild-type CD14 genotype, while the polymorphic het-
erozygote (CD14 TT) was relatively rare (9%). The
observed genotype frequencies did not show a sig-
nificant departure from Hardy Weinberg equilibrium
(p = 0.10). Table 2 summarizes 24-h average pollu-
tant levels in Durban. SO, levels varied widely across
the study area, and the highest concentrations
occurred in South Durban, reflecting the location of
emitting industries. Table 3 shows the frequencies of
the CD14 (159) C/T polymorphism in relation to per-
sistent asthma, any grade of asthma, atopy, and BHR.
There was no statistically significant association
between the CD14 (159) CT+TT polymorphism with
any asthma-related phenotype such as atopy, any
asthma, persistent asthma, and bronchial hyper
responsiveness. Plasma sCD14 (soluble CD14) levels
were not significantly different between the CD14
(159) CC and the CD14 (159) CT+TT genotypes
(8.8 ng/mL + 4.1 ng/mL vs. 7.8 ng/mL + 4.7 ng/mL;
p = 0.47). Similarly, soluble CD14 protein levels did
not vary significantly between case and non-case for
asthma, persistent asthma, and BHR. Atopic children
had a significantly higher mean soluble CD14
protein, however, compared with non-atopic children
(9.5 ng/mL vs. 6.8 ng/mL, p = 0.04; Table 4).

Effect estimates (ignoring the CD14 (-159) geno-
type) for within-day variability in FEV; associated
with PM,, SO,, NO, and NO, (tested indepen-
dently) were inconsistent across different lagged

Table |. Demographic, phenotypic and genotypic charac-
teristics of study population (n = 71).

Variable N (%)
Age (mean, SD) 10.3 (2.4)
Female 48 (67.6)
Prevalence of respiratory outcomes
Any asthma (n = 60) 21 (35.0)
Persistent asthma (n = 60) 7 (11.7)
Atopy (n = 64) 18 (28.1)
Bronchial hyper responsiveness (n = 56) 10 (17.9)
Environmental exposures
Exposure to environmental tobacco 35 (49)
smoke (n = 71)
Genotyping
CD 14 wild type (CC) 45 (63.4)
CD 14 heterozygote (CT) 20 (28.2)
CD 14 homozygote (TT) 6 (8.5)
CD14 variant (CT 4 TT) 26 (36.6)

Table 2. Summary of ambient pollutant levels (24-h
averages) in Durban during 2004—2005.

Pollutant Mean (SD) Range
PMio (ug m) 86.8 (I.1) 28.1-266.6
SO, (ppb) 5.8 (0.2) 0-40.8
NO, (ppb) 22.1 (0.2) 7.5-38.1
NO (ppb) 53.4 (0.8) 1.3-91.7

SO,: sulfur dioxide; NO,: nitrogen dioxide; NO: nitric oxide.

times (Table 5). None of the pollutant-lag combina-
tions were statistically significant. Table 6 presents
models for potential effect modification by the CD14
(-159) genotype on the association between air pol-
lutant exposures and FEV, intraday variability.
Among the CD14 (-159) CC children, a statistically
significant association of exposure with FEV,
intraday variability was seen for SO, (3 = —1.50,
CIL: —0.36, 3.37; p = 0.01, p(inry = 0.01) and PM,,
(B8 =1.26, CI: 0.02, 2.50; p = 0.05) at lags 1 and 2,
respectively. Conversely, there was a significant
association between intraday variability and NO,
and NO among participants carrying the CD14 CT/
TT genotype for lags 1, 2, and the 5-day average. The
effect estimates for children who carried the homo-
zygote wild type were higher than the polymorphic
genotype, reaching a significant gene—pollutant
interaction with intraday variability in FEV, at lags
1, 2, and 5-day average post exposure for NO, Simi-
larly, statistically significant gene—pollutant inter-
actions (p < 0.05) were found with NO and CD14
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Table 3. Association of CD 14 (-159) gene polymorphism with respiratory outcome.

Respiratory outcome CDI14 (CC) CDI4 (CT+TT)
Any asthma (n = 60) Non-case 24 (66.7) 15 (62.8)

Case 12 (33.3) 9 (37.5)

*0OR (95% Cl) 1.00 1.29 (0.40, 4.18)
Persistent asthma (n = 60) Non-case 33 (91.7) 20 (83.3)

Case 3(83) 4 (16.7)

OR (95% ClI) 1.00 2.06 (0.36, 11.95)
Atopy (n = 64) Non-case 33 (75) 13 (65)

Case Il (25) 7 (35)

OR (95% ClI) 1.00 1.62 (0.51, 5.20)
BHR (n = 56) Non-case 33 (86.3) 13 (72.2)

Case 5(13.2) 5(27.8)

OR (95% ClI) 1.00 3.22 (0.74, 13.99)

OR: Odds ratio; Cl: confidence interval; BHR: bronchial airway hyperreactivity.

?Logistic regression models adjusted for age and gender.

Table 4. Soluble CD 14 protein from blood plasma strati-
fied by genotype and respiratory phenotype (n = 71).

Soluble CD 14 (ng/mL),

Outcome Mean (SD)
Genotype
CDI4 (CQ) 8.8 (4.1)
CDI4 (CT +TT) 78 (4.7)
Phenotype
Any asthma 11.0 (4.2)
No asthma 8.7 (4.1)
Persistent asthma 8.4 (4.9)
No persistent asthma 8.9 (4.0
Atopic 9.5 (3.9)*
Non-atopic 6.8 (4.5)
BHR 10.1 (4.2)
No BHR 7.8 (4.3)

BHR: bronchial airway hyperreactivity.
?p-value < 0.05.

CT/TT at lag 2 and for the 5-day average. The CT/TT
genotype appeared to be protective to increased
exposure to NO, and NO.

Discussion

A number of studies have provided strong evidence
that innate immune responses modulate the acute
response to pollutants. While numerous studies have
been published on the association of endotoxin expo-
sure with the polymorphic CD14 (-159) T-allele, data
exploring the gene—environment interaction with air
pollutant exposures is limited. This study evaluated
the risk conferred by the CD14 (-159) polymorphism
on respiratory outcomes and any effect modification

on lung function and exposure to pollutant in a cohort
of South African children. The CD14 (-159) T-allele
was relatively common in our African population
(37%) with an allelic frequency of 0.23. Almost
39% of the population reported having any category
of asthma. In this study, atopic participants had sig-
nificantly higher sCD14 levels than non-atopic sub-
jects. The effect of PM;, SO,, NO, and NO exposures
on lung function measures was significantly modified
by the CD14 (-159) polymorphism. Adverse effects of
exposure to nitrogen oxides were limited to individu-
als carrying the CD14 (-159) CC genotype and the
CT/TT genotype appeared to be protective to
increased exposure to NO, and NO.

The frequency of the CD14 (-159) CT+TT geno-
type among children reporting any asthma in this
study was 37%, which was markedly lower than the
frequency found in a Tunisian population of asth-
matics (78%).'® Although this was the only compara-
ble African study, it should be noted that the
participants in the Tunisian study were Caucasian as
compared with our Black African sample group. The
polymorphic T-allele may be rarer in African popula-
tions as compared with other populations (East Asian
57.5%, Indian 62.1%, and European 45.7%). An allele
frequency of 29.3% for the T-allele was found among
the Yoruba in Ibadan, Nigeria'® that is closely related
to our results. Studies are required to contribute to
data on the frequencies of this polymorphism among
African populations. We found that CD14 (-159) C/T
polymorphism was not significantly associated with
asthma, and its related respiratory phenotypes such as
atopy and BHR. Although a recent case control study
among Chinese children has reported an association
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Table 5. Percent change' in intraday variability? of FEV, associated with one inter-quartile range change of ambient
exposure from single pollutant? linear regression models using GEEs.

PMo
Outcome Lag estimate (Cl) SO, estimate (CI) NO, estimate (Cl) NO estimate (Cl)
Intraday Lag | 0.19 (—0.48,0.86) 1.59 (—0.03,3.20) 0.68 (—0.95,2.30) —0.30 (—1.63, I.11)
Variability of  Lag 2 0.80 (—0.33, 1.93) 0.26 (—1.25,1.77)  0.12 (—1.30, I.55)  —0.42 (—1.83, 0.98)
FEV, 5-day average  1.74 (—0.14, 3.62) 0.93 (—2.99,4.86) 1.15 (—1.28, 3.58) 1.33 (—1.75, 4.42)

FEV,: forced expiratory volume in | second; SO,: sulfur dioxide; NO,: nitrogen dioxde; NO: nitrous oxide; SO,: sulfur dioxide; GEE:

generalized estimating equation.

"The percent change value shown is for an increase of one inter-quartile range in each respective pollutant: NO,: 8.19 ppb, NO: 29.7

ppb, PM,0: 29.4 g m~3, SO,: 9.8 ppb.

2Intraday variability for FEV is defined as: 100 (maximum best FEV| — minimum best FEV)/maximum best FEV; where the ‘best FEV/’
is the highest valid, error-free value for the specific time of day (08h00, 09h45, 11h30, 13h20). An increase in the estimate for intraday

FEV, is indicative of a negative impact on lung function.

3Pollution levels used in regression models combine measured and imputed values. Covariates in each model: race, school, caregiver

smoking, caregiver education, household income, season.

between the TT genotype and an increased risk of
atopic asthma,*? our findings are similar to those by
Zhao and Bracken who published a meta-analysis of
23 studies, which yielded a non-significant overall
association between the CD14 (-159) C/T gene poly-
morphism and asthma.'® There have been variable
results published from different studies. After restrict-
ing analysis to selected studies, these authors found
that carriers of the TT and CT genotypes were about
33% less likely (Odds ratio (OR) = 0.67, 95% confi-
dence interval (CI): 0.54-0.84) and about 20% less
likely (OR = 0.80, 95% CI: 0.66—-0.95), respectively,
to have atopic asthma compared with carriers of the
CC genotype. They then concluded that there was a
protective relationship between the CD14 (-159)
T-allele and atopic asthma susceptibility.'®
Participants who were atopic had significantly
higher sCD14 levels compared with non-atopic sub-
jects (p = 0.04). In contrast, other studies have found
lowered sCD14 levels among atopic subjects compared
with non-atopic subjects before endotoxin inhalation.*?
A study to determine whether infant and maternal lev-
els of sCD14 were associated with the atopic outcomes
of infants found that there was no difference in plasma
sCD14 levels at birth in children with a high risk of
development of atopy, when compared with those hav-
ing a low risk.?* Generally, T-allele carriers have been
found to have higher serum CD14 levels than carriers
of the C-allele®” and this single nucleotide polymorph-
ism (SNP) may therefore act as modifier of asthma risk
in individuals with differing environmental exposure.
Functional genomic studies have supported this finding
by showing increased transcriptional activity of the
CD14 (-159) T-allele."* Homozygotes of the T-allele

appear to be protective for asthma at low levels
of endotoxin exposure, but may increase asthma risk
at high levels of endotoxin exposure.*>

In the Durban South industrial basin, the oil refi-
neries, paper producer, and sugar refinery are respon-
sible for 80% of the SO, pollution load.?® In addition,
there is a high traffic volume in this area, which has
been associated with asthma, cough, and wheeze.?’
Primary sources of nitrogen oxide emissions include
motor vehicles on the various motorways which con-
verge in the South Durban basin.”® Nitrogen oxides
react with other pollutants to form ground-level
ozone. This irritates the nose and throat, especially
in people with asthma, and appears to increase sus-
ceptibility to respiratory infections. Generally, air
concentrations of SO, are highest near large industrial
complexes. The average concentrations of pollutants
per region have been described elsewhere.*

Despite not detecting an association between the
CD14 gene polymorphism with respiratory outcome
or protein expression, we found significant gene—
environment interactions between ambient pollutants
(NO,, NO), CD14 (-159) C/T gene polymorphism and
lung function measures. Children carrying the CT/TT
genotype presented with a statistically significant
decreased intraday variability of FEV, for NO and
NO, at lags 1, 2, and 5 days. Published data about
exposure to house-dust endotoxin or to domestic
sources of microbial exposure, which was assessed
concomitantly with CD14 (-159) C/T, have shown a
consistent, replicable gene—environment interaction.
Specifically, results suggest that the C-allele is a risk
factor for allergic phenotypes at low levels of expo-
sure, whereas the T-allele is a risk factor at high levels
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FEV,: forced expiratory volume in | second; SO,: sulfur dioxide; NO;: nitrogen dioxde; NO: nitrous oxide; SO;: sulfur dioxide; GEE: generalized estimating equation; Cl: confidence

interval.

'"The percent change value shown is for an increase of one inter-quartile range in each respective pollutant: NO,: 8.19 ppb; NO: 29.7 ppb, PM,o: 29.4 ug m~>; SO,: 9.8 ppb.

ZIntraday variability for FEV| is defined as: 100 (maximum best FEV -minimum best FEV,)/maximum best FEV,; where the ‘best FEV’ is the highest valid, error-free value for the specific

time of day (08h00, 09h45, 11h30, 13h20). An increase in the estimate for intraday FEV is indicative of a negative impact on lung function.

3Pollution levels used in regression models combine measured and imputed values. Covariates in each model: race, school, caregiver smoking, caregiver education, household income,

season, interaction between genotype and pollutants.

*p value for genotype-pollutant interaction term <0.05.

of exposure.*>*? At first glance these results suggest a
disappointing inconsistency; however, a far more
complex picture emerged from further studies.”* In
a founder population in the United States, findings
suggested that there could be an antagonistic inter-
action between environmental conditions and CD14
(-159) C/T as determinants of allergic sensitization:
the T-allele could be either protective or a risk factor,
depending on the degree of exposure to environmen-
tal microbial products.*® It would appear that multiple
mechanisms are involved. To date, the best supportive
evidence implicates both heightened innate and adap-
tive immune responses. Since acute endotoxin-rich
bioaerosol exposure is a known cause of acute lung
disease and asthma exacerbation, myeloid differentia-
tion primary response gene 88 (MyD88)-dependent
TLR signalling is a possible candidate mechanism for
the inflammatory actions of pollutants. Innate
immune mechanisms can be activated by damage-
associated molecular patterns (DAMPs) and pollutant
exposure results in increased expression of CD14 and
TLR4 in airway macrophages, thus increasing both
the DAMP ligand levels and appropriate effector cell
numbers in the airway.”

In summary, the present study suggests that the
CD14 polymorphism may modify the effects of air
pollutants. While there was no association with any
respiratory phenotype (as determined by symptoms),
the CD14 CT/TT genotype appeared to be protective
to increased exposure to NO, and NO. A limitation of
this study is that each of the effects of the four pollu-
tants was studied independently, using the approach
of one gene with one exposure. This model does not
account for interaction of pollutants and modifying
the effect on lung function. Additionally, the sample
size was small although power was enhanced by char-
acterization of individual exposure and repeated mea-
sures over time. In addition, the study population was
confined to defined areas with its own monitoring
site, allowing a more precise estimation of exposure.
Current research has focused on epigenetic regulation
and gene—environment—epigene interactions. In
future, this may lead to a more accurate estimation
of respiratory risk among susceptible populations.
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