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The -159 C—T polymorphism of CD14 is
associated with nonatopic asthma and

food allergy

Jessica G.Woo, MHSA 2 Amal Assa’ad, MD,P Angela B. Heizer, BA,P
Jonathan A. Bernstein, MD,¢ and Gurjit K. Khurana Hershey, MD, PhDP Cincinnati,

Ohio

Background: CD14, the receptor for LPS, plays an important
role in innate immunity. A polymorphism in the promotor for
CD14, -159 C—T, has been implicated in atopy.

Objective: We explored the relationship of this polymorphism
with both atopic and nonatopic asthma, as well as with food
allergy.

Methods: Patients with asthma and food allergy were recruit-
ed along with nonatopic, nonasthmatic control subjects. The
-159 C—T polymorphism was genotyped by using the PCR-
based RFLP assay.

Results: The —159 T allele was more common among patients
with nonatopic asthma and food allergy than among control
subjects (x2 = 6.03, P = .01 and %2 = 4.94; P = .03, respective-
ly). Patients with food allergy had a 4-fold increased odds of
having the TT genotype versus carriers of the C allele com-
pared with control subjects (odds ratio [OR] = 3.9, 95% CI =
1.5-10.3), whereas patients with nonatopic asthma had a 3-fold
increased odds of having the TT genotype (OR = 3.1 [95% CI
= 1.1-9.1]). Controlling for sex differences between groups did
not alter this relationship, which remained significant for
patients with food allergy (OR = 3.7 [95% CI = 1.4-10.1]) or
nonatopic asthma (OR = 2.7 [95% CI = 0.9-8.0]). We per-
formed a stratified analysis, limited to white patients, to
reduce population stratification. The relationship with the TT
genotype was stronger in white patients with nonatopic asth-
ma (OR = 4.4 [95% CI = 1.3-14.8]) and patients with food
allergy (OR =5.1[95% CI = 1.6-16.2]), even adjusting for sex
differences (OR = 3.9 [95% CI = 1.1-13.5] and OR = 4.6 [95%
CI = 1.4-14.8], respectively).

Conclusions: The TT genotype of —-159 C—T CD14 is associat-
ed with nonatopic asthma and food allergy, particularly in
white subjects. Thus CD14 is a candidate gene specifically for
nonatopic asthma and not for asthma in general. This indi-
cates that atopic and nonatopic asthma might be distinct con-
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ditions in their genetic predisposition, despite the fact that
they are very similar once they have been established. (J Aller-
gy Clin Immunol 2003;112:438-44.)

Key words: Asthma, allergy, genetics, food hypersensitivity, toll
receptors, CDI14, LPS

Allergic disorders, including asthma and food allergy,
are major and growing public health issues. In the Unit-
ed States alone asthma affects 15 million people,! many
of whom experience asthma independent of atopy, and
food allergy affects nearly 8% of children.2-3 Although
environmental influences are clearly important in the
development of these disorders, there is a strong genetic
predisposition.4-6

There is considerable evidence for linkage of asthma
and atopy with genes located on chromosome 5¢q31.7-11
Several positional candidates in this region have been
explored, including the cytokine gene cluster that
includes /L4, IL5, IL9, IL13, and other genes, such as
CDI14. CD14 is a pattern-recognition receptor and binds
LPS, as well as other bacterial components. Engagement
of CD14 by LPS results in activation of antigen-present-
ing cells, including macrophages and dendritic cells, and
subsequent release of pro-inflammatory cytokines and
mediators.!2 Recently, the CD14 gene has been reported
to contain several polymorphisms in both the coding and
promoter regions. One polymorphism, a C to T transition
at position =159 (=159 C—T), has been investigated as a
candidate gene for atopy.!3:14 The functional relevance of
this polymorphism was also explored. The —159 T allele
was found to correlate with the level of soluble CD14,
such that TT homozygotes!3 or carriers of the T allele!5
had higher soluble CD14 levels than those with CC geno-
types. Soluble and membrane-bound CD14 might modu-
late the Ty1/Ty2 balance indirectly by inducing IL-12
production in response to LPS, resulting in the produc-
tion of IFN-y, which antagonizes IgE production.12.16
Therefore the —159 T allele, resulting in higher soluble
CD14 levels, should theoretically be associated with
reduced IgE levels and a lower risk of atopy. Studies
aimed at examining these associations have generally
supported the association of the T allele with lower IgE
levels. Carriers of the —159 T allele were found to have
lower serum IgE levels, but the differences were signifi-
cant only among those with positive skin test responses
in one study!3 and, conversely, in subjects with negative
RAST results in another study of British subjects.17 In
another study CC homozygotes were found to have a
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higher number of positive skin test responses and higher
IgE levels among individuals with positive skin test
responses.14:17 In these studies —159 C—T in CDI14 did
not correlate with the presence or absence of atopy but
did correlate with the level of IgE. Thus this polymor-
phism has been suggested to act as a severity marker (or
disease modifier) for allergy.!4 The role of CD14 in atopy
is not straightforward, as evidenced by a recent study that
found higher levels of soluble CD14 in asthmatic chil-
dren compared with control subjects, possibly exacerbat-
ing allergic inflammation in asthmatic subjects.!8 Kop-
pelman et all4 also report an association between the
CD14 —-159 CC genotype and asthma severity.

Because CD14 is important in the innate immune
response, we hypothesized that the —159 CD14 single
nucleotide polymorphism (snp) might be more important
in nonatopic or intrinsic asthma. The pro-inflammatory
response stimulated by LPS through CD14 might con-
tribute to the development of these conditions. Food
allergy often occurs early in life before the onset of other
allergies, and we hypothesized that innate immunity in
early childhood might also be important in the develop-
ment of food allergy. Despite the fact that asthma and
atopy frequently co-occur, no studies to date have
explored whether CD14 affects asthma with atopy differ-
ent from asthma independent of atopy or whether the
CD14 —159 polymorphism affects predisposition to food
allergies. To further explore the relationship between
CD14 and atopy, we investigated both patients with
atopic and nonatopic asthma, as well as patients with
food allergy, relative to nonasthmatic nonatopic control
subjects.

METHODS
Subjects

One hundred seventy-five unrelated adult asthmatic patients
were prospectively recruited sequentially from allergy offices affil-
iated with the University of Cincinnati Medical Center if they met
the American Thoracic Society (ATS) criteria for the diagnosis of
asthma. Patients were recruited from 1998 to 2002. Asthma was
diagnosed in accordance with the ATS criteria by demonstrating a
12% or greater increase in FEV | after a bronchodilator or after a 2-
week trial of oral corticosteroids.!9-20 Pulmonary function testing
was performed according to the 1994 revised ATS guidelines by
using Pneumedics Dataloop (Norwalk, Conn).20 Recruited subjects
all underwent skin prick testing, including positive and negative
controls, to a panel of 14 relevant environmental antigens indige-
nous to the Ohio valley (A.L.K. Laboratories Inc, Wallingford,
Conn). They were instructed to discontinue antihistamines before
skin testing in accordance with the published guidelines.2! Patients
were divided into atopic and nonatopic groups on the basis of the
results of the skin tests. Those with positive reactions (>3 mm wheal
with erythema) to one or more antigens tested were designated as
atopic. Baseline FEV | values were used to classify the patients into
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mild, moderate, and severe asthma groups. As outlined in the
Guidelines for the Diagnosis and Management of Asthma, Expert
Panel Report 2,! those with a baseline FEV | of greater than or equal
to 80% of predicted value were classified as having mild asthma,
those with a baseline FEV, of between 60% and 80% of predicted
value were classified as having moderate asthma, and those with a
baseline FEV of less than 60% of predicted value were classified
as having severe asthma. There were equal proportions (24%) of
smokers (past or present history) in the atopic and nonatopic asth-
ma groups. Seventy-seven patients with food allergy were included
in the study. Patients were recruited from 1998 to 2002. Seventy
patients were recruited sequentially to the study from the Allergy
Clinic at the Cincinnati Children’s Hospital Medical Center, 5
patients were referred to the study from the office of a practicing
allergist, and 2 patients responded to an advertisement to the local
food allergy support group. Patients were asked to participate in the
study if they had a history of an immediate reaction to a food and
positive antigen test responses (either by means of skin prick tests
or RASTs). Open food challenges were done as indicated by the
clinical presentation and judged by the treating physician and, when
acceptable, performed on the patients, parents, or both. A number of
food challenges were done to confirm the history, and others were
done at a time when repeat skin tests or RASTs predicted that the
food allergy would be clinically resolved. Of the 77 patients, 71 had
a history of an immediate adverse reaction to one or more foods and
a positive skin prick test response to one or more foods. Fifty-seven
of these patients also had positive RAST results to one or more
foods. Five patients had a history of immediate adverse reactions to
one or more foods that was confirmed on the basis of RASTSs only,
and one patient was given a diagnosis of food allergy on the basis
of the history alone. Thirty-one patients underwent open food chal-
lenges in the office to at least one food. Twenty-three patients had
an immediate allergic reaction to a food challenge.

For the nonatopic, nonasthmatic control group, healthy, unrelat-
ed volunteers were prospectively recruited from the employee pool
of University of Cincinnati Medical Center and Children’s Hospital
Medical Center, Cincinnati. Individuals were included in this group
if they had no history of allergies, including food allergy, asthma,
chronic cough, chronic obstructive pulmonary disease, or smoking.
They underwent skin prick testing as outlined above, and those who
demonstrated no positive reactions (excluding histamine) were
included in the control group. Informed consent was obtained from
all participants in these studies. These studies were approved by the
Children’s Hospital Medical Center Institutional Review Board.

PCR-based RFLP assay for detection of -159
C and -159T alleles

Genomic DNA was isolated from EDTA-anticoagulated whole
blood according to the GenomicPrep kit from Pharmacia Biotech
(Piscataway, NJ) and was then analyzed for the presence of —159 C
or =159 T alleles by means of PCR. Primers used were as follows:
sense, 5'-GTGCCAACAGATGAGGTTCAC-3"; and antisense 5’-
GCCTCTGACAGTTTATGTAATC-3'. These primers amplified a
497-bp segment of the CD14 promoter from =517 to —19. An Avall
restriction site exists at position —159, such that the T allele is cut,
resulting in bands of 144 and 353 bp, whereas the C allele remains
uncut at 497 bp. After PCR amplification, the reaction volume was
digested with 10 U of Avall (New England Biolabs, Beverly, Mass),
and restriction fragments were resolved on a 2% agarose gel.

Statistical analysis

All statistical analysis was conducted with the SAS system, ver-
sion 8.0 (SAS Institute, Cary, NC). Associations of genotypes or
alleles with patient groups versus nonatopic control subjects were

]
-on
83
9
an.
< 2
'gu
G 2
'§U




o
3
o
o
3
a

¥

=

SIXD)|

suoydpas Bnip pup pooy

440 Woo et al

Genotype:

FIG 1. Identification of =159 C and -159 T CD14 allelic variants.
Patients were genotyped with a PCR-based RFLP assay (see the
“Methods” section). The C allele is uncut at 497 bp, whereas the
T allele is cut, resulting in bands of 144 and 353 bp. Lane 1, 100-
bp ladder; lanes 2-7 genotypes noted above lane.

determined by using %2 analysis with appropriate df. Mantel-Haen-
szel odds ratios (ORs) and 95% ClIs were calculated with standard
methods. To determine differences in asthma severity (mean FEV
values) by patient group, we conducted an ANOVA. A P value of
less than .05 was considered significant.

To explore the contribution of the —159 genotype independent of
demographic characteristics, we conducted both logistic regression
analyses and a stratified analysis, focusing on our largest racial group,
white subjects. Logistic regression models were used to adjust for sex
differences between the patient and control groups. To reduce the
effects of population stratification in our multiracial sample, we con-
ducted a stratified analysis including only white patients and control
subjects. The white subsets were then also analyzed by using logistic
regression procedures to adjust for sex differences between groups.

Three genetic models were tested. First, we tested a codomi-
nance model, which compared genotype frequency across all geno-
types, CC versus CT versus TT. Then 2 recessive models were test-
ed: (1) amodel in which the C allele acts recessively, comparing the
CC homozygotes versus carriers of the T allele (CT or TT), and (2)
a model in which the T allele acts recessively, comparing the TT
homozygotes versus carriers of the C allele (CT or CC).

RESULTS

-159T CD14 is significantly associated with
nonatopic asthma and food allergy

To explore the relationship of the CD14 —-159 C—>T
polymorphism on allergy and asthma, we recruited and
genotyped 175 adult asthmatic patients, of whom 128
had atopic asthma and 47 had nonatopic asthma. In addi-
tion, we recruited and genotyped 77 patients with food
allergy, primarily children, and 61 nonatopic, nonasth-
matic control adults. The demographic characteristics of
the study groups, including age, sex, and race, are sum-
marized in Table I. The racial distribution of the popula-
tion mirrors that of the Greater Cincinnati area, from
which the patients and control subjects were drawn.?2

Representative results from the restriction digest
assays are shown in Fig 1. The uncut CC genotype can be
seen in lanes 3 and 5; the CT genotype in lanes 2, 4, and
6; and the TT genotype in lane 7. All patient populations,
including the subsets of atopic and nonatopic asthma,
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were in Hardy-Weinberg equilibrium with respect to the
—159 C—T polymorphism (data not shown).

We first examined the allele frequencies of each group
relative to that of the control subjects, as summarized in
Table II. Considering all asthmatic patients, we found no
significant difference in the proportion of —159 T alleles
between patients and control subjects (P > .1). Similarly,
the subset of atopic asthmatic patients was no different
from the subset of nonatopic, nonasthmatic control subjects
(P > .3). However, both nonatopic asthmatic patients and
patients with food allergy had an increased proportion of T
alleles relative to control subjects (OR =2.0[95% CI = 1.1-
2.8]and OR = 1.7 [95% CI = 1.1-2.8], P= .01 and P = .03,
respectively). This indicates a 2-fold and 1.7-fold increased
odds of finding the T allele among nonatopic asthmatic
patients and patients with food allergy, respectively.

Table III summarizes the codominance model of the
—159 C—>T polymorphism, comparing the relative fre-
quencies of CC, CT, and TT genotypes between patients
and control subjects. Both nonatopic asthmatic patients
and patients with food allergy had significantly different
distributions of genotypes compared with control subjects
(x2=17.35, P =.03 and 2 = 8.24, P = .02, respectively).

To explore the dominant-recessive character of the
—159 C—T polymorphism, we tested the relevant
homozygote with the heterozygotes and alternate
homozygote combined by using the x2 test with 1 df. We
present the Mantel-Haenszel case-control ORs in Table
III. Tests of the recessiveness of the C allele (eg, CC vs
CT/TT) revealed that the CC genotype conferred protec-
tion from nonatopic asthma (OR = 0.4 [95% CI = 0.1-
0.9], P = .03) but not other conditions studied. All other
tests of the C allele recessiveness were nonsignificant (P
>.3). In contrast, the TT genotype occurred significantly
more often in both nonatopic asthmatic patients and
patients with food allergy (OR = 3.1 [95% CI = 1.1-9.1]
and OR =3.9 [95% CI = 1.5-10.3], P = .03 and P = .004,
respectively) than in control subjects. The proportion of
TT genotypes in the atopic asthmatic patients was simi-
lar to that in the control subjects (P > .1).

Association of -159 T CD14 with nonatopic
asthma and food allergy is not due to sex
differences

Asthma is generally more common in female subjects,
and this is also true in our population (Table I). Therefore
we explored the effect of the —159 C—T polymorphism
after adjusting for sex differences between patient and
control groups by using logistic regression models. Sex
differences between the groups were significant in mod-
els for 3 of the study groups (P = .02 for all asthma, P =
.02 for allergic asthma, and P = .02 for food allergy).
When adjusting for sex, the estimates of effect for the
—159 C—T polymorphism were consistent with previous
findings but somewhat less robust. In all analyses testing
the CC genotype versus others, sex was an important
independent risk factor (P = .01 for all asthma, P = .02
for allergic asthma, P = .04 for nonallergic asthma, and P
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TABLE I. Demographic characteristics of the atopic asthmatic, nonatopic asthmatic, food allergy, and nonatopic con-

trol populations

Race (%)
Population Age + SD (range)* Male sex (%) White African American Other Unknown
Asthma (n = 175) 48.2 £16.9 (11-89) 34 82 17 0 1
Atopic asthma (n = 128) 44.6 £ 16.3 (11-76) 34 78 20 0 2
Nonatopic asthma (n = 47) 58.1 = 14.3 (24-89) 32 91 9 0 0
Food allergy (n =77) 5.2+5.3(0.8-33.9) 74 83 12 5 0
Control (n = 61) 29.9 £ 7.4 (20-51) 53 80 3 10 7

*Age at time of study when available (n = 161 for all asthma, n = 118 for atopic asthma, n = 43 for non-atopic asthma, n = 70 for food allergy, n = 39 for

nonatopic control populations).

TABLE Il. Frequencies, P values and ORs of CD14-159 C and T alleles

Alleles (%) TvsC
Population No. of alleles -159 C -159T P value* OR (95% CI)t
All asthma 350 186 (53) 164 (47) A1 1.4 (0.9-2.1)
Atopic asthma 256 144 (56) 112 (44) 34 1.2 (0.8-1.9)
Nonatopic asthma 94 42 (45) 52 (55) .01 2.0 (1.1-3.4)
Food allergy 154 74 (48) 80 (52) .03 1.7 (1.1-2.8)
Control 122 75 (61) 47 (39) - 1.0 (reference)

*P values from %2 test with 1 df comparing the ratio of T alleles versus C alleles between patients and control subjects.

TORs and 95% Cls are reported as Mantel-Haenszel ORs.

TABLE lll. CD14 -159 genotype frequency, P values and ORs under 3 genetic models

Genotypes CCvs CT CCvs TT vs
(%) vsTT others others
Population CcC CT TT P value* P value OR (95% CI)t P value OR (95% CI)
All asthma (n = 175) 46 (26) 94 (54) 35 (20) .18 33 0.7 (0.4-1.4) .07 2.3 (0.9-5.8)
Atopic asthma (n = 128) 39 (30) 66(52) 23(18) 35 75 0.9 (0.5-1.7) 15 2.0 (0.8-5.2)
Nonatopic asthma (n =47) 7 (15) 28 (60) 12 (26) .03 .03 0.4 (0.1-0.9) .03 3.1 (1.1-9.1)
Food allergy (n = 77) 20 (26) 34 (44) 23 (30) .02 .38 0.7 (0.3-1.5) .004 3.9 (1.5-10.3)

Control (n = 61) 20 (33) 35(57) 6 (10) —

— 1.0 (reference) — 1.0 (reference)

*P values from the %2 test with 2 df for CC versus CT versus TT and 1 df for TT or CC versus other genotypes.

TORs and 95% Cls are reported as Mantel-Haenszel ORs.

= .02 for food allergy). The model for the recessive C
allele was supported only among nonatopic asthmatic
patients (OR = 0.37, 95% CI = 0.14-0.98) after adjusting
for sex. Similarly, in all analyses testing the recessive
model for the T allele, sex was again a significant risk
factor (P = .02 for all asthma, P = .02 for allergic asthma,
P = .06 for nonatopic asthma, and P = .02 for food aller-
gy). After adjusting for sex, the TT genotype showed a
nonsignificant trend toward increased risk for nonatopic
asthma (OR = 2.7, 95% CI = 0.9-8.0, P = .07) but
remained significantly associated with increased risk for
food allergy (OR = 3.7, 95% CI = 1.4-10.1, P = .009).

Association of -159 T CD14 with nonatopic
asthma and food allergy is not due to racial
differences

We considered whether population stratification or
underlying differences in allele frequencies in different
ethnic populations could account for our results. There-

fore the sample was limited to white subjects, and a strat-
ified analysis was conducted. As shown in Tables IV and
V, nearly all relationships between the T allele or the TT
genotype were strengthened in white subjects. The T
allele was approximately twice as common among all
asthmatic patients, nonatopic asthmatic patients, and
patients with food allergy compared with control sub-
jects. The distribution of the CC, CT, and TT genotypes
was different from that in control subjects in all asthmat-
ic patients, nonatopic asthmatic patients, and patients
with food allergy (P = .04, P = .01, and P = .01, respec-
tively). The recessive model of the C allele had support
among both all asthmatic patients and the subset of
nonatopic asthmatic patients (OR = 0.5 [95% CI = 0.2-
1.0] and OR = 0.3 [95% CI = 0.1-0.9], P = .04 and P =
.02, respectively). However, the TT genotype was signif-
icant and 4.4-fold more common among nonatopic asth-
matic patients and 5-fold higher among patients with
food allergy compared with control subjects. Because the
asthma subsets and all asthmatic patients considered
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TABLE IV. Analysis of CD14-159 C and T allele frequency, white subjects only
Alleles (%) TvsC
Population No. of alleles -159 C -159T P value* OR (95% CI)t
All asthma 284 141 (50) 143 (50) .02 1.7 (1.1-2.8)
Atopic asthma 198 104 (53) 94 (47) .08 1.6 (0.9-2.6)
Nonatopic asthma 86 37 (43) 49 (57) .006 2.3 (1.34.1)
Food allergy 128 62 (48) 66 (52) .03 1.8 (1.1-3.1)
Control 98 62 (63) 36 (37) — 1.0 (reference)

*P values from x2 test with 1 df comparing the ratio of T alleles versus C alleles between patients and control subjects.

FTORs and 95% ClIs are reported as Mantel-Haenszel ORs.

TABLE V. Stratified analysis of CD14 -159 genotype frequencies, P values, and ORs under 3 genetic models, white sub-

jects only
Genotypes CTvsCC
(%) CCvsTT vs others TT vs others

Population cc CcT T P value* P value OR (95% CI)t P value OR (95% CI)
All asthma (n = 142) 29 (20) 83 (58) 30 (16) .04 .04 0.5 (0.2-1.0) .04 3.0 (1.0-9.0)

Atopic asthma (n = 99) 23 (23) 58(59) 18(18) 15 .14 0.6 (0.3-1.2) .09 2.5 (0.8-7.8)

Nonatopic asthma (n =43) 6 (14) 25(58) 12 (28) .01 .02 0.3 (0.1-0.9) .01 4.4 (1.3-14.8)
Food allergy (n = 64) 18 (28) 26 (41) 20 (31) .01 45 0.7 (0.3-1.6) .003 5.1(1.6-16.2)
Control (n = 49) 17(35) 28(57) 4(8) — — 1.0 (reference) — 1.0 (reference)

#P values from the %2 test with 2 df for CC versus CT versus TT and 1 df for TT or CC versus other genotypes.

TORs and 95% Cls are reported as Mantel-Haenszel ORs.

together are not independent, we suspect that the support
for a role of CD14 —159 in all asthma is directly due to
the strong relationship among nonatopic asthmatic
patients. Furthermore, among white subjects, sex was not
a significant predictor of nonatopic asthma (P = 0.15).
The association of the TT genotype with nonatopic asth-
ma remained strong after adjusting for sex (OR = 3.9
[95% CI = 1.1-13.5], P = .03). Among white patients
with food allergy, sex was an important independent risk
factor (P = .01) and support for the recessive T model
remained significant after adjusting for sex differences
(OR =4.6 [95% CI = 1.4-14.8], P = .01).

CD14 -159 C—T is not associated with asth-
ma severity

In addition to affecting the predisposition toward dis-
ease, we investigated whether the CD14 —-159 C—T
polymorphism influenced the severity of asthma. We
measured severity by using FEV, (percent predicted)
measurements, as discussed in the “Methods” section.
We found no relationship between genotype and asthma
severity (defined by mean FEV)), either for all asthmatic
patients (P = .43) or for the subsets of atopic (P = .58)
and nonatopic asthmatic (P = .41) patient groups. In
addition, FEV | severity for those with the TT genotype
was not significantly different than that for the combined
CC/CT groups in the all-asthma group (P > .8) or the
atopic or nonatopic asthma subsets (P > .5 for both).

DISCUSSION

Elucidating the genetics of atopy is complicated by the
presence of multiple genes, disease-modifying environ-
mental and genetic factors, and population heterogeneity.
Furthermore, asthma is a heterogeneous disorder that is
almost completely related to allergies in some individuals
while being independent of allergy or atopy in others.
Many of the genes that have been implicated in asthma
play some role in IgE production or IgE effector function,
including the genes encoding MHC class I1,23.24
FceR1pB,25 TL-4,9 TL.-13,26.27 and 1L.-9.28 However, some
of the genes important in the development of nonatopic
asthma are likely to be distinct from those important in
the development of atopy or atopic asthma. Our data here-
in demonstrate for the first time that an snp in the promo-
tor for CD14 is associated with nonatopic but not atopic
asthma, supporting the hypothesis that the molecular
mechanisms underlying the development of nonatopic
asthma are distinct from those underlying atopic asthma.
We next examined the association of this CD14 snp in
food allergy, a condition that often occurs early in life and
precedes the development of environmental allergies. Our
data demonstrate for the first time that CD14 —159 C—>T
is strongly associated with food allergy and support a role
for this pathway in the pathogenesis of food allergy.

The importance of endotoxin or LPS in the pathogen-
esis of asthma has been supported by epidemiologic
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studies in children demonstrating that endotoxin expo-
sure might be protective for later development of asth-
ma.2% Presumably, this is due to activation of pathways
that contribute to Tyl-type responses. LPS, a complex
glycolipid, is an integral component of the cell wall of
gram-negative bacteria. A complex of LPS and LPS-
binding protein in the serum initiate signals in monocytes
and macrophages through membrane CD14. However,
soluble CD14 can also initiate signals, and thus cells
lacking CD14 can also respond to LPS. Toll-like receptor
4 (TLR4) and MD-2 are part of the receptor complex for
LPS and are required for signaling.!2 Mutations in TLR4
have been shown to associate with endotoxin hypore-
sponsiveness.30 LPS, acting through its receptor com-
plex, including CD14 and TLR4, induces maturation of
antigen-presenting cells, including dendritic cells and
macrophages. This results in IL-12 production and
upregulation of costimulatory molecules3! and might
contribute to Tyl polarization. The —159 C CDI14 allele
has been associated with increased IgE levels!3:14 and
with decreased soluble CD14 levels in patients with pos-
itive skin test responses.!3 These data have led to specu-
lation that decreased soluble CD14 would result in
decreased IL-12 production and thus Ty2 skewing and
increased IgE production.32:33 However, other studies
have yielded conflicting results whereby soluble CD14
levels were increased in children with asthma.34 Thus the
precise roles of membrane and soluble CD14 in the
pathogenesis of atopic conditions are far from clear.

The studies discussed above support a role for CD 14
as a disease-modifying gene (or severity marker) for
atopy in that it was associated with IgE levels and the
number of positive skin test responses in individuals who
had positive skin test responses. However, the studies
herein found that CD/4 is not an atopy-susceptibility
gene; that is, it was not associated with the presence of
atopy. We hypothesized that innate immunity might be
more important in the pathogenesis of atopic conditions
that occur independent of environmental allergies. Our
data demonstrate that the —159 T CDI4 allele is associat-
ed with nonatopic asthma and food allergy but not with
atopic asthma. We did not find an association of the —159
CD14 snp with asthma severity; however, studies in larg-
er populations will be necessary to address this. Recent-
ly, the T allele was shown to result in approximately 32%
increased transcriptional activity of the promoter when
compared with the C allele, and the mechanism of this
association was related to alterations in transcription fac-
tor binding to this region.35 Studies have found that sol-
uble CD14 levels are higher in asthmatic patients than in
nonasthmatic control subjects.3# This supports our find-
ing that the T allele, which is associated with increased
transcriptional activity, is found with increased frequen-
cy in patients with nonatopic asthma. Studies examining
levels of soluble CD14 in atopic versus nonatopic asth-
matic patients are currently underway in our laboratory.
The more important question is why an allele associated
with an increase in transcription of CD14 correlates with
the presence of nonatopic asthma. Increased CD14
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expression would result in increased LPS binding and
increased production of pro-inflammatory mediators by
monocytes and macrophages, including prostaglandins,
reactive oxygen and nitrogen intermediates, IL-1, IL-6,
IL-8, TNF-a, and IL-12, which are thought to generally
antagonize allergic inflammation but might sometimes
play an important role in asthma, especially nonallergic
asthma. Studies have demonstrated the importance of
Tyl cytokines and pathways in asthma.36 Furthermore,
upsetting the balance between soluble and membrane
CD14 might have more complex effects that are not yet
recognized. Our data support that CD/4 is a candidate
gene for only nonatopic asthma and not for asthma. This
is a key observation and represents the only candidate
gene thus far that is related exclusively to nonatopic asth-
ma. This suggests that atopic and nonatopic asthma are
developmentally distinct conditions, despite the fact that
they are very similar once they have been established.

The association that we have found between CD/4 and
food allergy is also very novel. Food allergy clearly has a
genetic component.37 Although some candidate genes
have been examined,38 the association with CD 14 appears
to be the strongest. The mechanism for this association
might be that the LPS in foods acts essentially as an adju-
vant and increases the specific IgE response to foods in
susceptible individuals. This is different than total IgE
because many patients with food allergy do not have
increased total IgE levels. Alternatively, an increased pro-
inflammatory response in the gut caused by the presence
of the CDI4 T allele, increased CD14 production, and
resultant increased inflammatory cytokine production
might be associated with an enhanced sensitization to
food allergens, especially early in life.

We are grateful to Drs Grace Lemasters and Christopher Karp
for critical review of this manuscript. We thank Connie Petitt for
excellent secretarial support.

REFERENCES

1. Expert Panel Report 2. Guidelines for the diagnosis and management of
asthma. Bethesda, Md: National Institutes of Health, National Heart,
Lung, and Blood Institute; 1997. NIH publication no. 97-4051.

2. Sampson HA. Food allergy. Part 1: immunopathogenesis and clinical dis-
orders. J Allergy Clin Immunol 1999;103:717-28.

3. Sampson HA. Food allergy. Part 2: diagnosis and management. J Allergy
Clin Immunol 1999;103:981-9.

4. Neddenriep D, Schumacher JJ, Lemen RJ. Asthma in childhood. Curr
Probl Pediatr 1989;19:325-88.

5. Harris JR, Magnus P, Samuelson SO, Tambs K. No evidence for effects
of family environment on asthma. A retrospective study of Norwegian
twins. Am J Respir Crit Care Med 1997;156:43-9.

6. Laitinen T, Rasanen M, Kaprio J, Koskenvuo M, Laitinen L. Importance
of genetic factors in asthma: a population based twin-family study. Am J
Respir Crit Care Med 1998;157:1073-8.

7. 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.

8. Meyers DA, Postma DS, Panhuysen CI, et al. Evidence for a locus regu-
lating total serum IgE levels mapping to chromosome 5. Genomics
1994;23:464-70.

9. Marsh DG, Neely JD, Breazeale DR, et al. Linkage analysis of IL4 and
other chromosome 5¢q31.1 markers and total serum immunoglobulin E
concentrations. Science 1994;264:1152-6.

]
-on
83
9
an.
< 2
1::5
G 2
'§U
| T




o
3
o
o
3
a

¥

=

suoydnas Bnip pup pooy

SIXD)

444 Woo et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Haagerup A, Bjerke T, Schiotz PO, Binderup HG, Dahl R, Kruse TA.
Asthma and atopy—a total genome scan for susceptibility genes. Allergy
2002;57:680-6.

Postma DS, Bleecker ER, Amelung PJ, et al. Genetic susceptibility to
asthma—bronchial hyperresponsiveness coinherited with a major gene
for atopy. N Engl J Med 1995;333:894-900.

Akira S, Takeda K, Kaisho T. Toll-like receptors: critical proteins linking
innate and acquired immunity. Nat Immunol 2001;2:675-80.

Baldini M, Lohman IC, Halonen M, Erickson RP, Holt PG, Martinez FD.
A polymorphism in the 5” flanking region of the CD14 gene is associat-
ed with circulating soluble CDI14 levels and with total serum
immunoglobulin E. Am J Respir Cell Mol Biol 1999;20:976-83.
Koppelman GH, Reijmerink NE, Colin Stine O, et al. Association of a
promoter polymorphism of the CD14 gene and atopy. Am J Respir Crit
Care Med 2001;163:965-9.

Karhukorpi J, Yan Y, Niemela S, et al. Effect of CD14 promoter poly-
morphism and H. pylori infection and its clinical outcomes on circulating
CD14. Clin Exp Immunol 2002;128:326-32.

Lapa e Silva JR, Possebon da Silva MD, Lefort J, Vargaftig BB. Endotox-
ins, asthma, and allergic immune responses. Toxicology 2000;152:31-5.
Gao PS, Mao XQ, Baldini M, et al. Serum total IgE levels and CD14 on
chromosome 5q31. Clin Genet 1999;56:164-5.

Kusunoki T, Nakahata T, Miyanomae T, Inoue Y. Possible dual effect of
CD14 molecule on atopy. Am J Respir Crit Care Med 2002;165:551-2.
American Thoracic Society. Lung function testing: selection of reference
values and interpretive strategies. Am Rev Respir Dis 1991;144:1202-18.
American Thoracic Society. Standardization of spirometry: 1994 update.
Am J Respir Crit Care Med 1994;152:1107-36.

Bernstein IL, Storms WW. Practice parameters for allergy diagnostic
testing. Ann Allergy Asthma Immunol 1995;75(suppl):553-625.

2000 Census figures for Cincinnati Metropolitan Statistical Area. Avail-
able at: www.censusscope.org. Accessed February 11, 2003

Marsh DG, Hsu SH, Roebber M. HLA-Dw?2: a genetic marker for human
immune response to short ragweed pollen allergen Ra5. I. Response result-
ing primarily from antigenic exposure. J Exp Med 1982;155:1439-51.
Young RP, Dekker JW, Wordsworth BP, et al. HLA-DR and HLA-DP
genotypes and immunoglobulin E responses to common major allergens.
Clin Exp Allergy 1994;24:431-9.

Shirakawa T, Li A, Dubowitz M, et al. Association between atopy and

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

J ALLERGY CLIN IMMUNOL
AUGUST 2003

variants of the B subunit of the high affinity immunoglobulin E receptor.
Nat Genet 1994;7:125-30.

Graves PE, Kabesch M, Halonen M, et al. A cluster of seven tightly
linked polymorphisms in the IL-13 gene is associated with total serum
IgE levels in three populations of white children. J Allergy Clin Immunol
2000;105:506-13.

van der Pouw Kraan TCTM, van Veen A, Boeije LCM, et al. An IL-13
promotor polymorphism associated with increased risk of allergic asth-
ma. Gene Immunol 1999;1:61-5.

Nicolaides NC, Holroyd KJ, Ewart SL, et al. Interleukin 9: a candidate
gene for asthma. Proc Natl Acad Sci U S A 1997;94:13175-80.
Braun-Fahrlander C, Riedler J, Herz U, et al. Environmental exposure to
endotoxin and its relation to asthma in school-age children. N Engl ] Med
2002;347:869-77.

Arbour NC, Lorenz E, Schutte BC, et al. TLR4 mutations are associated
with endotoxin hyporesponsiveness in humans. Nat Genet 2000;25:187-91.
Reis e Sousa C, Sher A, Kaye P. The role of dendritic cells in the induc-
tion and regulation of immunity to microbial infection. Curr Opin
Immunol 1999;11:392-9.

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

Vercelli D. The functional genomics of CD14 and its role in IgE respons-
es: an integrated view. J Allergy Clin Immunol 2002;109:14-21.
Kusunoki T, Wright SD, Inoue Y, Yoshida Y, Yondeda K. Serum levels of
soluble CD14 in allergic inflammation. Allergol Int 1998;47:271-8.
LeVan TD, Bloom JW, Bailey TJ, et al. A common single nucleotide
polymorphism in the CD14 promoter decreases the affinity of Sp protein
binding and enhances transcriptional activity. J Immunol 2001;167:
5838-44.

Sampath D, Castro M, Look DC, Holtzman MJ. Constitutive activation
of an epithelial signal transducer and activator of transcription (STAT)
pathway in asthma. J Clin Invest 1999;103:1353-61.

Sicherer SH, Furlong TJ, Maes HH, Desnick RJ, Sampson HA, Gelb BD.
Genetics of peanut allergy: a twin study. J Allergy Clin Immunol
2000;106:53-6.

Gawronska-Szklarz B, Pawlik A, Czaja-Bulsa G, Gornik W, Luszawska-
Kutrzeba T, Wrzesniewska J. Genotype of N-acetyltransferase 2 (NAT2)
polymorphism in children with immunoglobulin E-mediated food aller-
gy. Clin Pharmacol Ther 2001;69:372-8.



