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Association between farm exposure and atopy,
according to the CD14 C-159T polymorphism

Bénédicte Leynaert, PhD,? Monique Guilloud-Bataille, BSW,? David Soussan, MS,?
Joélle Benessiano, MD, PhD,® Armelle Guénégou, MS,? Isabelle Pin, MD,° and
Francoise Neukirch, MD? Paris and Grenoble, France

Background: A higher exposure to bacterial compounds is
purported to explain the lower prevalence of allergy in farm
children, but responsiveness to bacterial compounds is
modulated by genetic factors.

Objective: To assess whether the protective effect of farm
exposure on atopy is influenced by a CD14 promeoter functional
polymorphism.

Methods: We administered a detailed questionnaire on farm
exposure in childhood and genotyped the CD14 C-159T
polymorphism in 2 French centers participating in the
European Community Respiratory Health Survey (ECRHS)-II.
Results: Six hundred randomly selected young adults provided
blood samples for IgE measurements and had CD14 C-159T
genotyped. Exposure to a farming environment in early life was
associated with a reduced risk of nasal allergies (odds ratio [OR],
0.54; 95% CI, 0.29-1.00) and atopic sensitization (OR, 0.47; 95%
CI, 0.24-0.93) in adulthood. A lower risk of allergic rhinitis and
atopy was also observed in carriers of the CD14-159TT genotype
compared with —159CC subjects (OR, 0.52; 95% CI, 0.30-0.88;
and OR, 0.54; 95% CI, 0.31-0.92, respectively). When farm
exposure and CD14 C-159T were considered together, the risk of
nasal allergies and atopy was the most reduced in the subjects
who combined both an early-life exposure to a farming
environment and the —159TT genotype (OR, 0.26; 95% CI, 0.07-
0.94; and OR, 0.21; 95% CI, 0.05-0.93, respectively, vs
nonexposed —159CC+CT subjects). The results were consistent
in the 2 centers, supporting the validity of the results.

From “the Institut National de la Santé et de la Recherche Médicale, Unit 700,
Epidemiologie, Paris; "the Centre d’Investigation Clinique, Bichat-hospital
Paris, Assistance Publique-Hopitaux de Paris, Paris; and “the Département
de Pédiatrie, Centre Hospitalier Universitaire, Grenoble.

The coordination of the ECRHS study and the laboratory measurement of IgE
was funded through the European Commission Quality of Life Program
(grant #QLK4-CT-1999-012370). The following bodies funded the
ECRHS 1I study in Paris and Grenoble: Ministére de I'Emploi et de la
Solidarité, Direction Générale de la Santé, Programme Hospitalier de
Recherche Clinique—Direction de la Recherche Clinique de Grenoble
2000 #2610, Ministere de la Santé, Direction de la Recherche Clinique,
UCB-Pharma (France), Aventis (France), Glaxo France, Comité des Mala-
dies Respiratoires de I’Isere.

Disclosure of potential conflict of interest: The authors have declared that they
have no conflict of interest.

Received for publication February 9, 2006; revised June 16, 2006; accepted for
publication June 16, 2006.

Reprint requests: Bénédicte Leynaert, PhD, INSERM Unité 700—Epidémiologie,
Faculté de Médecine X. Bichat, 16 Rue Henri Huchard, 75018 Paris, France.
E-mail: leynaert@bichat.inserm.fr.

0091-6749/$32.00

© 2006 American Academy of Allergy, Asthma and Immunology

doi:10.1016/j.jaci.2006.06.015

Conclusion: A gene-by-environment interaction between CD14
C-159T and environmental exposure in childhood may modify
the development of atopy.

Clinical implications: This polymorphism should be considered
in interventions studies that use microbial stimuli to reduce
sensitization. (J Allergy Clin Immunol 2006;8uN:EEN-REN,)

Key words: Gene, asthma, allergic rhinitis, immunologic sensitiza-
tion, epidemiologic studies

Epidemiologic studies have demonstrated that children
brought up on a farm had a lower risk of atopy and hay
fever than other children."? In an earlier article, we
showed that living on a farm in childhood was also asso-
ciated with a lower risk of atopic sensitization and nasal
allergies in adulthood.® Tt has been suggested that in-
creased exposure to bacterial compounds related to the
presence of cattle in traditional farming environment
would enhance the generation of T-cell responses protec-
tive against the development of allergy.*® High levels of
endotoxin, a cell wall component of Gram-negative bac-
teria, have been measured in house and mattress dust
samples from children with regular contact with farm
animals, and an inverse relationship has been demon-
strated between endotoxin exposure and the occurrence
of hay fever, atopic asthma, and atopic sensitization.>”'°

If early exposure to endotoxin may have a protective
role, one might expect that genetic factors that modify LPS
(endotoxin) responsiveness would also influence the
susceptibility to develop atopic diseases.' 12 In children
recruited from a general population sample, a C to T
transition at position -159 in the promoter of the gene en-
coding CD14, the major receptor for LPS, was associated
with increased levels of serum circulating soluble CD14
(sCD14)."* It was proposed that decreased sCD14 could
result in decreased IL-12 production that might prevent
Ty polarization.'"'* Low sCD14 levels in amniotic fluid,
breast milk, or plasma were found to be associated with an
increased risk of developing atopic sensitization or wheez-
ing at the age of 1 year in different birth cohorts.'*'>
Among non-Hispanic white children with positive skin
tests, carriers of the CD14-159TT genotype had the lowest
levels of total IgE and lower number of positive skin tests.'?
Consistent associations between the CD14 C-159T poly-
morphism and atopic sensitization or total IgE levels were
found in Dutch adults,'® Czech pa‘[ients,17 Chinese
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Abbreviations used
ECRHS: European Community Respiratory Health Survey
OR: Odds ratio
sCD14: Soluble CD14

children,'® and Australian children to the age of 18
years.19 However, no association was observed in other
groups or subgroups of subjects,llzo'22 and conversely,
the T allele was found to be overtransmitted to atopic in-
dividuals in an inbred population of Hutterites,” and
was associated with nonatopic asthma and food allergy,
eczema, and atopy in a few other studies.”>***> Because
environment may greatly differ between the populations
considered in these studies, it is suggested that gene-
environment interactions might explain the discrepant
results.] 1,12,20,22

To assess a possible interaction between the CD14 gene
and farm environment on the risk of atopy and asthma, we
administered a detailed questionnaire on farm exposure in
childhood in 2 French centers participating in the Euro-
pean Community Respiratory Health Survey (ECRHS)—
I, and genotyped the CD14 C-159T polymorphism in all
participants. Because TT homozygotes have been shown
to have higher levels of sCD14 than carriers of the -159 C
allele,"*" we expected that farm exposure in early life
would have a stronger protective effect on atopy in TT
homozygotes than in CC or CT subjects.

METHODS

Data were collected in 2 French centers participating in ECRHS II.
The methods of this international survey have been described
elsewhere.*

Briefly, in 1991 and 1992, 1500 men and 1500 women between 20
and 44 years old were randomly selected from electoral rolls in the
18th District of Paris and in the town of Grenoble. They were sent a
self-administered questionnaire on asthma and asthmalike symptoms
derived from the bronchial symptom questionnaire of the Interna-
tional Union Against Tuberculosis and Lung Disease. A subsample of
485 and 660 respondents attended the university clinic in Grenoble
and Paris, respectively, for further testing including an extended
interviewer-administered questionnaire (ECRHS I).

In 1999 and 2001 (ECRHS II), all ECRHS I participants who
could be located were recontacted to determine symptom status and
invited to the local clinic. They were administered a standardized
questionnaire that included detailed questions on asthma and asthma-
like symptoms, nasal allergies, smoking, and environment. In addi-
tion, subjects from Paris and Grenoble answered a short questionnaire
on farm exposure in childhood, detailing whether this took place
during the first year of life or after.

Genomic DNA was obtained centrally at the laboratory of
Biochimie, Bichat Hospital, Paris, from EDTA-anticoagulated periph-
eral blood samples after extraction from blood leucocytes by a standard
procedure with the QIAmp DNA blood Midi kit (Quiagen GmbH,
Courtabouef Cedex, France), according to the manufacturer’s instruc-
tions. Genotyping of the -159 C->T polymorphism in the 5" flanking re-
gion of the CD14 gene (also reported as C-260T, 152569190, in the
literature) was conducted by using an adapted method of DNA
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amplification by PCR procedure with specific primers, as previously de-
scribed.'” PCR products were digested by specific restriction enzymes
and separated by appropriate electrophoresis.

Serum samples were sent to a central laboratory at the King’s
College of London for measurements of total IgE and specific IgE to
house dust mite (Dermatophagoides pteronyssinus), cat, Cladospo-
rium, and timothy grass, using the Pharmacia CAP System (Phar-
macia Diagnostics, Uppsala, Sweden).

The protocol was approved by the local institutional review boards
for human studies, and informed written consent, including consent
for genetic studies, was obtained from all of the subjects before testing.

Analysis

Atopy was defined as positive specific IgE (>0.35 kIU/L) to at
least 1 of the 4 allergens tested. Sensitization to individual allergen
was also considered in the analyses, except for sensitization to
Cladosporium, because its prevalence was too low for statistical anal-
ysis. Contingency tables were analyzed by using x* test (or Fisher ex-
act test when there were too few subjects). Mantel-Haenszel x* was
used to test for trend. Logistic regressions were performed to estimate
adjusted odds ratio (OR), taking potential confounders into account.
We first computed the change in risk associated with exposure to
farm, then the change in risk associated with CD14 genotype, and
then considered farm and CD14 in a same model. The same variables
included in the first regression for the effect of farm have been used in
all models to allow possible comparison of the estimates. Because to-
tal IgE levels was not normally distributed, geometric means for total
IgE level were calculated, and P values from Wilcoxon rank test for 2
group comparisons were computed. The level of total IgE was also
analyzed as a categorical variable, with a cutoff at 100 IU/mL. The
analysis was performed by using the SAS-PC statistical package (re-
lease 8.1; SAS Institute Inc, Cary, NC).

RESULTS

In Grenoble, 79 subjects completed the ECRHS II
questionnaire at home, and 305 subjects came to the
university clinic and answered the interviewer-adminis-
tered questionnaire, of whom 293 subjects provided blood
samples. Because of technical problems during trans-
portation of samples from Grenoble to Paris, 25 samples
could not be genotyped. Therefore, the analysis included
268 subjects who had the CD14 C-159T genotyped and
complete information on farm exposure in childhood. In
Paris, 80 subjects completed the questionnaire at home,
and 360 came to the university clinic, of whom 332 had the
CD14 C-159T genotyped and complete information on
farm exposure in childhood. In Paris, the 332 participants
included in the analysis more frequently reported asthma
ever at the first study than nonparticipants in ECRHS II or
subjects not included in the analysis (14.5% vs 9.5%). In
both centers, subjects included in the analysis tended to
be older than subjects not included. Otherwise, no differ-
ence in sex, allergic rhinitis, and IgE measurements at
ECRHS I was observed between subjects included in the
current analysis and those not included.

Characteristics of the study population are presented in
Table 1. More than 80% of the subjects never lived on a
farm. One hundred four subjects reported that they had
spent at least 3 months on a farm during childhood.
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TABLE I. Description of the population

Grenoble
Grenoble Paris + Paris
(N =268) (N=332) P (N=600)
Age (y), mean (SD) 453 447 3 44.9
(6.9) 71.4) (7.2)
Women, % 459 55.1 .03 51.0
Tobacco smoking
Never smokers, % 41.0 41.0 41.0
Ex-smokers, % 34.2 22.9 27.9
Current smokers, % 24.8 36.1 .005 31.1
Farm exposure in childhood
Never lived on a farm, % 80.6 84.3 82.7
Lived on a farm in 10.8 12.1 11.5
the first year of life, %
Lived on a farm later 8.6 3.6 .04 5.8
in childhood, %
Pet in childhood, % 53.7 61.1 .07 57.8

Parental history of asthma 38.1 419 3 40.2
or allergy, %

Severe respiratory 6.5 89 3 7.8
infection in childhood, %

Asthma ever in life, % 13.1 16.0 3 14.7

Nasal allergies, % 29.1 416 .002 36.0

Atopy, % 355 306 2 32.8

Positive IgE to dust mites, %  20.1 227 4 21.6

Positive IgE to cat, % 11.6 82 2 9.7

Positive IgE to timothy 21.6 12,7 .004 16.6
grass, %

Positive IgE to 43 0.9 .008 2.4

cladosporium, %
Total IgE >100 IU/mL, % 26.3 327 .09 29.0
CD14-159

CC, % 23.1 259 24.7
CT, % 54.5 49.7 51.8
TT, % 22.4 244 5 235

Overall, 15% of the subjects ever had asthma. Nasal aller-
gies were more frequently reported by subjects from Paris,
whereas sensitization to at least 1 of the 4 allergens tested
was slightly more frequent in Grenoble. There was no dif-
ference between the 2 centers in the distribution of the
CD14-159 genotypes. Allele frequency for C was
estimated at 50.6%, and the distribution was consistent
with the expected Hardy-Weinberg equilibrium. The gen-
otypes distribution in subjects who never lived on a farm
was 25.4% for CC, 52.0% for CT, and 22.6% for TT,
which was not significantly different from the correspond-
ing distribution in subjects who ever lived on a farm
(21.2%, 51.0%, and 27.9%).

Association between farm exposure in
childhood and asthma and allergy

Only 35 subjects reported that they had spent at least 3
months on a farm in childhood, but after the first year of
life. The prevalence of asthma, nasal allergies, or atopy
was not significantly different in these subjects compared
with subjects who never lived on a farm in childhood
(results not shown). These subjects were excluded from
the following analyses.
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Twenty-nine subjects in Grenoble and 40 subjects in
Paris lived on a farm during their first year of life. In Paris,
as in Grenoble, no association could be found between
farm exposure in the first year of life and the risk of asthma
in adulthood (Table II). Otherwise, subjects who lived on a
farm in the first year of life were less likely to report nasal
allergies or to be sensitized to individual allergens than
subjects who never lived on a farm, in both centers, with
almost all of the ORs < 0.60, although not significantly
so when the 2 centers were considered separately. Of
note, the associations between farm exposure and nasal
allergies and between farm exposure and atopy were very
consistent in the 2 centers, and became significant after
the data from the 2 centers were combined and adjusted
for center and potential confounders (Table II, right
column).

Association between the CD14 C-159T
polymorphism and asthma and allergy

Although differences in prevalence were observed
between the 2 centers, the trends in the association
between the CD14 C-159T polymorphism and the fre-
quency of allergy were similar in Paris and Grenoble (Fig
1). The CD14 C-159T polymorphism was not associated
with the frequency of asthma. In both centers, carriers of
the CT genotype had a slightly, although not significant,
lower risk of having atopic sensitization than CC homozy-
gotes (OR, 0.64; 95% CI, 0.34-1.22 in Grenoble; and OR,
0.65;95% CI, 0.37-1.15 in Paris), and this risk was further
decreased in T homozygotes compared with CC subjects
(OR, 0.57; 95% CI, 0.26-1.27; P = .17 in Grenoble; and
OR, 0.54; 95% CI, 0.27-1.07; P = .08 in Paris).

In Grenoble, C homozygotes had higher levels of total
IgE than carriers of the CT genotype (P = .05) and T
homozygotes (P = .04; geometric means, 66.0, 41.8, and
32.8 kU/L, respectively). In Paris center, the level of total
IgE was similar in C homozygotes, CT and TT subjects
(geometric means, 52.2, 52.5, and 49.0 kU/L, respectively).
Similar associations between the level of total IgE and the
CD14 C-159T polymorphism were observed when total
IgE was analyzed as a categorical variable (Fig 1).

Because the results were consistent in Grenoble and
Paris, the data from the 2 centers were combined for the
multivariable analysis, with center included as a covariate
(Table IIT). The ORs suggested a lower risk of nasal aller-
gies and atopy in CT subjects compared with CC, but no
association was significant. In contrast, TT subjects were
at a significantly lower risk of nasal allergies, atopy, and
cat sensitization than C homozygotes (Table III). Higher
levels of total IgE were observed in C homozygotes than
in carriers of the CT genotype (P = .12) and T homozy-
gotes (P = .07; geometric means, 57.5, 47.4, and 41.8
kU/L, respectively).

Effect of farm exposure in early life, stratified
by the CD14 C-159T genotype
To assess whether farm exposure in early life would

have a stronger effect in TT subjects, CC and CT subjects
were combined into a single group. In the final logistic
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TABLE Il. ORs for the risk of having asthma, nasal allergies, atopic sensitization, or level of total IgE >100 IU/mL in
subjects who lived on a farm during the first year of life compared with subjects who never lived on a farm

Grenoble Paris Grenoble + Paris

OR 95% CI P OR 95% CI P Adjusted OR* 95% CI P
Asthma 1.07 (0.35-3.32) 9 0.92 (0.37-2.32) 9 1.05 (0.49-2.21) 9
Nasal allergies 0.49 (0.18-1.35) 17 0.58 (0.28-1.19) 13 0.54 (0.29-1.00) .05
Atopy 0.25 (0.08-0.75) .009 0.52 (0.23-1.18) 12 0.47 (0.24-0.93) .03
Dust mites IgE 0.26 (0.06-1.15) .06 0.84 (0.37-1.90) v 0.70 (0.34-1.47) 3
Cat IgE 0.50 (0.11-2.22) 4 0.53 (0.12-2.34) .6 0.69 (0.23-2.05) 5
Timothy grass IgE 0.37 (0.11-1.26) .10 0.51 (0.15-1.74) 3 0.59 (0.24-1.45) 3
Total IgE >100 IU/mL 0.32 (0.09-1.08) .06 0.87 (0.42-1.78) 7 0.73 (0.39-1.37) 3

*Adjusted for center, age, sex, smoking habits, pets in childhood, severe respiratory infection in childhood, and parental history of asthma or allergy.

>

Grenoble, %

=

Paris, %

Asthma Nasal Atopy Mites Ca1
allergies IgE IgE

Grass Total IgE
IgE >1001U/mL

FIG 1. Prevalence of asthma, nasal allergies, atopic sensitization to
any allergens, sensitization to house dust mites, sensitization to
cat, and sensitization to timothy grass, and percentage of subjects
with total IgE > 100 IU/mL, in CC (darker bars), CT and TT (lighter
bars) subjects, from Grenoble (A) and Paris (B) centers, and P
values for test for trend (only P values < .20 are reported).

regression including subjects with all data for covariates
available, 4 groups were compared: 375 carriers of the
CD14-159 CC or CT genotype who never lived on a farm
during childhood, 110 TT subjects who did not live on a
farm in childhood, 46 CC+CT subjects who lived on a
farm before the age of 1 year, and 20 TT subjects brought
up on a farm.

Farm exposure in early life was not associated with
asthma, whatever the CD14-159 genotype (Table IV). The
OR for the effect of farm exposure on nasal allergy and
atopy was <0.70 in CC+CT subjects. No association
reached the level of statistical significance when the anal-
ysis was run separately in each stratum of CD14 genotype,
and the tests for interaction were also not significant.
However, the relative sizes of the ORs suggest that farm
exposure might have a substantially more marked protec-
tive effect in T homozygotes than in CC+CT subjects: the
ORs suggesting a protective effect of farm exposure for the
risk of nasal allergies and atopy estimated in CD14-159 TT
subjects were half the ORs estimated in CC+CT subjects.

When the total sample was analyzed by using a single
model, considering 4 groups of subjects according to
whether they were exposed to farm in childhood and to

their CD14 gene (Table V), the risk of nasal allergy and
atopy was reduced (although not statistically significantly
s0) in CC+CT subjects brought up on a farm, compared
with CC+CT subjects who never lived on a farm (OR,
0.62; and OR, 0.58, respectively), and TT subjects brought
up on a farm in early life had a substantially and signifi-
cantly lower risk of having nasal allergies (OR, 0.26;
P = .04) and sensitization to any allergens (OR, 0.21;
P = .04) and a lower risk of having increased level of total
IgE (OR, 0.42; P = .18) than carriers of the CD14-159 CC
or CT genotype who never lived on a farm during child-
hood (Table V).

When the prevalence of sensitization to specific aller-
gen was considered, no significant association with farm
exposure was observed in the CC+CT group. Of the 21
TT subjects brought up on a farm, only 2 (10%) were
sensitized to dust mites, and none (0%) were sensitized to
either cat or timothy grass, compared respectively with
24%, 12%, and 18% in CC+CT subjects who never lived
on a farm (P = .033 for sensitization to timothy grass, not
significant otherwise).

DISCUSSION

To assess whether the protective effect of farm expo-
sure on atopy might be influenced by genetic factors likely
to modify responsiveness to bacterial compounds, we first
investigated whether farm exposure was associated with
the risk of asthma or allergy, and then assessed whether the
protective effect of farm exposure was modified by the
CD14 C-159T polymorphism. Farming exposure was
associated with a reduced risk of nasal allergies and atopic
sensitization in all subjects. However, the strongest pro-
tective effect was observed in subjects who combined both
an early life exposure to a farming environment and the
CD14-159TT genotype.

Our results on the effect of farming environment are in
accordance with our first report based on ECRHS I
international data set and with studies in children, which
all have shown a protective effect of farm exposure on
the risk of atopic sensitization and hay fever, whereas the
association between farm exposure in early life and the
risk of asthma or wheeze is not consistent.’ Regarding
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TABLE lll. Adjusted ORs for the association between
CD14 C-159T polymorphism and asthma, nasal allergies,
atopic sensitization, and total IgE level (data from
Grenoble and Paris combined)

OR* 95% CI P
Asthma (n = 81)
Model 1*
CC 1.00 (Reference)
CT 0.76 (0.42-1.38) 4
TT 0.92 (0.47-1.80) .8
Model 2*
T allele 0.96 (0.68-1.36) .8
Nasal allergies (n = 192)
Model 1*
CC 1.00 (Reference)
CT 0.74 (0.48-1.15) 18
TT 0.52 (0.30-0.88) .02
Model 2*
T allele 0.72 (0.55-0.94) .02
Atopy (n = 179)
Model 1*
CC 1.00 (Reference)
CT 0.67 (0.43-1.04) .08
TT 0.54 (0.31-0.92) .03
Model 2*
T allele 0.73 (0.56-0.96) .03
Dust mite IgE (n = 118)
Model 1*
CC 1.00 (Reference)
CT 0.76 (0.46-1.26) 3
TT 0.57 (0.31-1.05) .08
Model 2*
T allele 0.75 (0.55-1.03) .07
Cat IgE (n = 54)
Model 1*
CcC 1.00 (Reference)
CT 0.76 (0.39-1.45) 4
TT 0.30 (0.11-0.79) .02
Model 2*
T allele 0.59 (0.38-0.90) .02
Timothy grass IgE (n = 91)
Model 1*
CC 1.00 (Reference)
CT 0.58 (0.34-1.00) .06
TT 0.52 (0.27-1.03) .06
Model 2*
T allele 0.71 (0.50-1.00) .05
Total IgE >100 IU/mL (n = 159)
Model 1*
CcC 1.00 (Reference)
CT 0.86 (0.54-1.35) .5
TT 0.65 (0.37-1.14) 13
Model 2*
T allele 0.81 (0.61-1.07) 13

*0ORs are adjusted for center, age, sex, smoking habits, pets in childhood,
severe respiratory infection in childhood, and parental history of asthma or
allergy. In model 1, no @ priori assumption was made on the effect of T
allele. In model 2, the CD14/-159 genotype is coded as a 3-level variable
for the number of T allele. The total number of subjects included in the
logistic regression was N = 551 when the risk of asthma and nasal allergies
was modelized, and N = 542 in models for total or specific IgE.
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the CD14/-159 genotype, our results are consistent with
many other studies in which the T allele was found to be
protective against atopy, whereas no association was ob-
served for asthma. However, the opposite findings were
observed in a few other studies, suggesting possible gene-
by-environment interactions. A limitation of our study re-
lates to the small number of subjects who lived on a farm
in early life. The results were based on 2 French centers
participating in the ECHRS. The 2 samples of subjects
came from distinct areas, mostly urban, but geographically
contrasted (urban 18th district of Paris, and industrialized
town of Grenoble, at the border of the Alps). None of the
subjects were currently living on a farm at the time of the
study assessment, and none were involved in farm work-
ing. Although the results were generally not significant
at the center level, the similar trends observed in the 2 cen-
ters add to the reliability of our finding. The lack of power
in assessing the association between farm exposure and
asthma preclude reaching any conclusion from our results
on whether the farm might or might not be protective
against asthma. In contrast, the indication of a protective
effect of farm exposure on atopy, although not statistically
significant in Paris, is observed in a consistent way in the 2
centers despite the low number of subjects brought up on a
farm in each single center, which supports the existence of
a real protective effect of farm exposure on atopy. In the
same way, although no conclusion could be drawn from
our study on the association between the CD14-159 gen-
otype and the risk of asthma, the findings showing a
decreasing trend in the risk of nasal allergies and atopy
with increasing number of T alleles, which are consis-
tently observed in both centers, do support an underlying
association between the CD14 C-159T polymorphism and
atopic sensitization. Finally, although we were not able to
demonstrate a significant interaction between farm expo-
sure and CD14 gene, the relative size of the estimates
for the effect of farm in each stratum of the CD14-159 gen-
otype suggests that the protective effect of farm exposure
is strengthened in T homozygotes, in accordance with our
hypothesis.

To our knowledge, this is the first study to show that the
protective effect of farm exposure varies according to the
CD14 C-159T polymorphism. Gern et al*” have reported a
gene-by-environment interaction, similar to the modifying
effect we observed, showing a stronger protective effect
of dog ownership on atopic dermatitis in children carry-
ing the CD14-159TT genotype, compared with CC and
CT subjects. In a former analysis of the Allergy and
Endotoxin (ALEX) Study, Eder et al® showed an interac-
tion between farm exposure in childhood and a polymor-
phism in the genes encoding Toll-like receptor 2, which is
a pattern recognition receptor involved in the response of
cell membrane components of either Gram-positive or
Gram-negative bacteria, mycoplasma, mycobacteria, par-
asites, and yeasts. More recently, the same team reported a
significant interaction between environment in childhood
and the CD14/-260 polymorphism (also referred to as
CD14/-159).%® In this study, however, the C allele was in-
deed associated with more frequent atopic sensitization in
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TABLE IV. Stratified ORs for the risk of having asthma, nasal allergies, atopic sensitization, or level of total IgE
>100 IU/mL in subjects who lived on a farm during the first year of life compared with subjects who never lived
on a farm, in CD14-159 CC+CT subjects, and in CD14-159 TT subjects

Adjusted ORt 95% CI P

Asthma

60/421%* In CD14-159 CC+CT 1.02 (0.42-2.48) 9

21/130%* In CD14-159 TT 1.01 (0.22-4.53) 9
Nasal allergies

155/421%* In CD14-159 CC+CT 0.62 (0.31-1.25) 18

37/130%* In CD14-159 TT 0.42 (0.10-1.67) 2
Atopy

144/416* In CD14-159 CC+CT 0.55 (0.26-1.18) 13

35/126* In CD14-159 TT 0.24 (0.05-1.20) .08
Total IgE >100 IU/mL

128/416* In CD14-159 CC+CT 0.82 (0.40-1.69) .6

31/126* In CD14-159 TT 0.43 (0.11-1.78) 3

*Number of cases and total number of subjects with complete data for variables included in the logistic regression.
TOR adjusted for center, age, sex, smoking habits, pets in childhood, severe respiratory infection in childhood, and parental history of asthma or allergy.

TABLE V. Adjusted OR for the risk of having asthma, nasal allergy, atopic sensitization, or increased level of total IgE,
according to farm exposure in childhood and CD14 C-159T genotype

Asthma Nasal allergy Atopy Total IgE > 100 IU/mL
(n = 81 cases) (n = 192 cases) (n = 179 cases) (n = 159 cases)
OR* 95% CI P OR* 95% CI P OR* 95% CI P OR* 95% CI P
Nonfarming, CC+CT  1.00  (Reference) 1.00  (Reference) 1.00  (Reference) 1.00  (Reference)
Nonfarming, TT 1.10 (0.61-2.01) .8 0.68 (0.43-1.09)0 .11 0.78 (0.48-1.25) 3 0.76  (0.47-1.25) 3
Farming, CC+CT 1.06  (0.44-257) 9 0.62 (0.31-1.26) .19 058 (0.27-1.22) .15 0.81 (0.40-1.67) .6
Farming, TT 1.10  (0.30-4.000 9 0.26 (0.07-094) .04 021 (0.05-093) .04 042 (0.12-1.51) .18

*Adjusted for center, age, sex, tobacco smoking, pet in childhood, respiratory infection in childhood, and parental history of asthma or allergy. The total number
of subjects included in the logistic regression was N = 551 when the risk of asthma and nasal allergies was modelized and N = 542 in models for total or

specific IgE.

children with regular contact with pets, but an association
in the opposite direction was found in children with regu-
lar contact with farm animals, as well as in children in the
highest tertile of house dust endotoxin. The aim of this
analysis by Eder et al*® was to assess whether the associ-
ation between the CD14 gene and IgE levels was modified
according to environment. Although the results are not
presented in a way to examine whether the effect of envi-
ronment is modified according to the CD14, it seems that
regular contact with farm animals is associated with a
lower risk of atopy in C homozygotes, whereas no signif-
icant differences are observed in CT or TT subjects, which
contrasts with our results. The authors suggested that the
CD14 polymorphism might have a different effect in sub-
jects exposed to moderate levels of endotoxin, compared
with subjects with high levels of exposure.

Besides the level of exposure, the timing of exposure
might also modify the association. In the Allergy and
Endotoxin Study, some children with reported current
exposure to stable animals have not been exposed to farm
animals in the first year of life (first visit to stable before
the age of first year of life was reported by 63% of farmers’
children and 16% of nonfarmers’ children in a previous
report’). In our study, there were very few subjects who
lived on a farm in childhood after the age of 1 year, and
a protective effect of farm exposure was demonstrated

only in subjects who were living on a farm during their
first year of life. Riedler et al' showed a protective effect
of consumption of farm milk and exposure to stables for
children exposed in the first year of life, but not for chil-
dren exposed later in life. Exposure to endotoxin, as
well as genetic factors that would modify responsiveness
to endotoxin exposure, might also have a dual effect de-
pending on whether an atopic sensitization is established
at the time of exposure.'""* In workers with documented
allergy to animals, working in one of the largest repository
of mouse strains in the United States, higher levels of IgE
have been reported in carriers of the CD14-159 T allele.*
On the other hand, early exposure to endotoxin has been
shown to have a protective effect on the induction of
atopic sensitization. In a rat model, exposure to aerosol-
ized LPS before ovalbumin sensitization and as long as
4 days after sensitization inhibited the rise in ovalbumin-
specific IgE, and resulted in increased levels of ovalbu-
min-specific IgG.31 In contrast, exposure to LPS 6 days
and more after ovalbumin sensitization did not result in
a change in IgE or IgG production, but potentialized the
allergen-induced inflammatory cell influx.*! In infants, in-
creased house dust endotoxin concentrations correlated
with increased proportions of IFN-y—producing CD4 T
cells.” In an ex vivo human model of allergen-induced in-
flammation in explanted nasal mucosa, LPS administration
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prevented the allergen-induced increase in T2 cytokines
in young children, whatever the atopic status, but not in
atopic adults.

In the current study, only subjects combining an
exposure to a farming environment in early life and the
CD14-159TT genotype were at significantly lower risk of
atopic sensitization and nasal allergies. Because CD14-
159TT subjects are likely to be more responsive to LPS
stimulation because they have higher levels of soluble
CD14, our results are consistent with the hypothesis that
the protective effect of farm exposure might be explained
by endotoxin or other bacterial wall-derived components
stimulating the maturation of a Tyy1 immune response in
early life. An alternative model has been proposed sug-
gesting that not only bacterial but also Ty2-skewing para-
site infections might inhibit inflammatory reactions to
environmental allergens, through stimulation of regula-
tory T cells.>® Another possibility might be a modified
Ty2-response (involving IgG production) that promotes
tolerance to environmental allergens.34 We do not have
any data to investigate whether the protective effect of
farm exposure may result from an enhanced maturation
of Tyl or a modified T2 response, or would involve reg-
ulatory T cells. Neither could we assess the relative effect
of the level of respiratory endotoxin compared with the ef-
fect of other bacterial compounds, or other characteristics
related to the farm environment that may confer protection
against the development of atopy, such as differences in
diet (which may result in different exposure to gastrointes-
tinal endotoxin) or differences in physical activity.

In conclusion, our results support the hypothesis that
environmental factors encountered in a farming environ-
ment in childhood and genetic factors that modify respon-
siveness to endotoxin may interact to have a lifelong
protective effect against the development of allergy.
Despite the low number of subjects brought up on a
farm, to our knowledge this study is the first to show that
the protective effect of farm environment on atopy may be
modified by CD14-159 genotype. The consistency of the
findings in the 2 centers supports the validity of the results,
and suggests that it is worth further testing the interaction
between childhood environment and polymorphisms of
the CD14 gene or other genes likely to influence respon-
siveness to bacterial compounds, in greater samples from
more heterogeneous populations.
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Kony, and Loubna Alavoine.

REFERENCES

1. Riedler J, Braun-Fahrlander C, Eder W, Schreuer M, Waser M, Maisch
S, et al, ALEX Study Team. Exposure to farming in early life and devel-
opment of asthma and allergy: a cross-sectional survey. Lancet 2001;
358:1129-33.

2. Eder W, Klimecki W, Yu L, von Mutius E, Riedler J, Braun-Fahrlander
C, et al, ALEX Study Team. Toll-like receptor 2 as a major gene for

10.

11.

13.

15.

18.

20.

21.

22.

Leynaert et al 7

asthma in children of European farmers. J Allergy Clin Immunol
2004;113:482-8.

. Leynaert B, Neukirch C, Jarvis D, Chinn S, Burney P, Neukirch F, on

behalf of the European Community Respiratory Health Survey. Does
living on a farm during childhood protect against asthma, allergic rhini-
tis and atopy in adulthood? Am J Respir Crit Care Med 2001;164:
1829-34.

. Martinez FD, Holt PG. Role of microbial burden in actiology of allergy

and asthma. Lancet 1999;354(suppl 2):12-5.

. Matricardi PM, Yazdanbakhsh M. Mycobacteria and atopy, 6 years later:

a fascinating, still unfinished, business. Clin Exp Allergy 2003;33:
717-20.

. Romagnani S. Immunologic influences on allergy and the Th1/Th2

balance. J Allergy Clin Immunol 2004;113:395-400.

. Von Mutius E, Braun-Fahrlander C, Schierl R, Riedler J, Ehlermann S,

Maisch S, et al. Exposure to endotoxin or other bacterial components
might protect against the development of atopy. Clin Exp Allergy
2000;30:1230-4.

. Braun-Farhlinder C, Riedler J, Herz U, Eder W, Waser M, Grize L, et al.

Allergy and Endotoxin Study Team. Environmental exposure to endo-
toxin and its relation to asthma in school-age children. N Engl J Med
2002;347:869-77.

. Gereda JE, Leung DYM, Thatayatikom A, Streib JE, Price MR, Klinnert

MD, et al. Relation between house-dust endotoxin exposure, type 1
T-cell development, and allergen sensitisation in infants at high risk of
asthma. Lancet 2000;355:1680-3.

Gehring U, Bischof W, Fahlbusch B, Wichmann HE, Heinrich J. House
dust endotoxin and allergic sensitization in children. Am J Respir Crit
Care Med 2002;166:939-44. Erratum in: Am J Respir Crit Care Med
2003;167:91.

Baldini M, Vercelli D, Martinez FD. CD14: an example of gene by
environment interaction in allergic disease. Allergy 2002;57:188-92.

. Vercelli D. Genetics, epigenetics, and the environment: switching, buff-

ering, releasing. J Allergy Clin Immunol 2004;113:381-6.

Baldini M, Lohman IC, Halonen M, Erickson RP, Holt PG, Martinez FD.
A polymorphism in the 5’ flanking region of the CD14 gene is associated
with circulating soluble CD14 levels and with total serum immunoglob-
ulin E. Am J Respir Cell Mol Biol 1999;20:976-83.

. Jones CA, Holloway JA, Popplewell EJ, Diaper ND, Holloway JW,

Vance GH, et al. Reduced soluble CD14 levels in amniotic fluid and
breast milk are associated with the subsequent development of atopy,
eczema, or both. J Allergy Clin Immunol 2002;109:858-66.

Guerra S, Lohman IC, Halonen M, Martinez FD, Wright AL. Reduced
IFN-vy production and soluble CD14 levels in early life predict recurrent
wheezing by 1 year of age. Am J Respir Crit Care Med 2004;169:
70-6.

. Koppelman GH, Reijmerink NE, Colin Stine O, Howard TD, Whittaker

PA, Meyers DA, et al. Association of a promoter polymorphism of
the CD14 gene and atopy. Am J Respir Crit Care Med 2001;163:
965-9.

. Buckovd D, Holld LI, Schiiller M, Znojil V, Véicha J. Two CD14

promoter polymorphisms and atopic phenotypes in Czech patients
with IgE-mediated allergy. Allergy 2003;58:1023-6.

Leung TF, Tang NL, Sung YM, Li AM, Wong GW, Chan IH, et al. The
C-159T polymorphism in the CD14 promoter is associated with serum
total IgE concentration in atopic Chinese children. Pediatr Allergy Immu-
nol 2003;14:255-60.

. O’Donnell AR, Toelle BG, Marks GB, Hayden CM, Laing IA, Peat JK,

et al. Age-specific relationship between CD14 and atopy in a cohort
assessed from age 8 to 25 years. Am J Respir Crit Care Med 2004;
169:615-22.

Sengler C, Haider A, Sommerfeld C, Lau S, Baldini M, Martinez F, et al.
German Multicenter Allergy Study Group. Evaluation of the CD14
C-159 T polymorphism in the German Multicenter Allergy Study cohort.
Clin Exp Allergy 2003;33:166-9.

Kabesch M, Hasemann K, Schickinger V, Tzotcheva I, Bohnert A, Carr
D, et al. A promoter polymorphism in the CD14 gene is associated with
elevated levels of soluble CD14 but not with IgE or atopic diseases.
Allergy 2004;59:520-5.

Kedda MA, Lose F, Duffy D, Bell E, Thompson PJ, Upham J. The CD14
C-159T polymorphism is not associated with asthma or asthma severity
in an Australian adult population. Thorax 2005;60:211-4.



8 Leynaert et al

23.

24.

25.

26.

27.

28.

Ober C, Tsalenko A, Parry R, Cox NJ. A second-generation genomewide
screen for asthma-susceptibility alleles in a founder population. Am J
Hum Genet 2000;67:1154-62.

Woo JG, Assa’ad A, Heizer AB, Bernstein JA, Hershey GK. The -159C-
>T polymorphism of CD14 is associated with nonatopic asthma and food
allergy. J Allergy Clin Immunol 2003;112:438-44.

Litonjua AA, Belanger K, Celedon JC, Milton DK, Bracken MB, Kraft P,
et al. Polymorphisms in the 5’ region of the CD14 gene are associated with
eczema in young children. J Allergy Clin Immunol 2005;115:1056-62.
European Community Respiratory Health Survey II Steering Committee.
The European Community Respiratory Health Survey II. Eur Respir J
2002;20:1071-9.

Gern JE, Reardon CL, Hoffjan S, Nicolae D, Li Z, Roberg KA, et al. Effects
of dog ownership and genotype on immune development and atopy in
infancy. J Allergy Clin Immunol 2004;113:307-14.

Eder W, Klimecki W, Yu L, von Mutius E, Riedler J, Braun-Fahrlander
C, et al, Allergy and Endotoxin Alex Study Team. Opposite effects of
CD 14/-260 on serum IgE levels in children raised in different environ-
ments. J Allergy Clin Immunol 2005;116:601-7.

29.

30.

31.

32.

33.

34.

J ALLERGY CLIN IMMUNOL
umm 2006

Liu AH, Murphy JR. Hygiene hypothesis: fact or fiction? J Allergy Clin
Immunol 2003;111:471-8.

Amelung PJ, Weisch DG, Xu J, Paigne B, Meyers DA, Bleecker ER. A
polymorphism in CD14 is associated with high IgE levels in a population
with laboratory animal allergy [abstract]. Am J Respir Crit Care Med
2000;161:A927.

Tulic MK, Wale JL, Holt PG, Sly PD. Modification of the inflammatory
response to allergen challenge after exposure to bacterial lipopolysaccha-
ride. Am J Respir Cell Mol Biol 2000;22:604-12.

Tulic MK, Fiset PO, Manoukian JJ, Frenkiel S, Lavigne F, Eidelman
DH, et al. Role of toll-like receptor 4 in protection by bacterial lipopol-
ysaccharide in the nasal mucosa of atopic children but not adults. Lancet
2004;363:1689-97.

Yazdanbakhsh M, Kremsner PG, van Ree R. Allergy, parasites, and the
hygiene hypothesis. Science 2002;296:490-4.

Platts-Mills TAE, Vaughan J, Squillace S, Woodfolk J, Sporik R. Sensi-
tisation, asthma, and a modified Th2 response in children exposed to cat
allergen: a population-based cross sectional study. Lancet 2001;357:
752-6.



	Association between farm exposure and atopy, according to the CD14 C-159T polymorphism
	Methods
	Analysis

	Results
	Association between farm exposure in childhood and asthma and allergy
	Association between the CD14 C-159T polymorphism and asthma and allergy
	Effect of farm exposure in early life, stratified by the CD14 C-159T genotype

	Discussion
	References


