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Abstract CD14 is a lipopolysaccharide receptor known to
be an important modulator of Th1-Th2 response during
early childhood. Genetic association studies of the CD/4
gene with asthma and atopic disorders have shown
positive as well as negative results in different ethnic
populations. The aim of this study was to test for
association of C-159T functional promoter polymorphism
with atopic asthma and serum IgE levels in northern and
northwestern Indian populations. DNA was assayed for the
CDI14 C-159T polymorphism in a case-control study
involving atopic asthmatics (n=187) and healthy normal
controls (n=227), and in a family-based association study
of 106 trios. The case-control study showed an association
at the genotypic (P=0.0146) as well as the allelic level
(P=0.0048). Moreover, we observed a deviation of allelic
transmission from random proportions (P=0.024) in the
transmission disequilibrium test analysis. When we
analyzed our results for serum total IgE levels, against
this polymorphism, we observed a difference at the
genotypic (P=0.0026) as well as at the allelic level
(P=0.0016) in a case-control study, whereas no association
in the quantitative transmission disequilibrium test anal-
ysis was obtained. These findings provide suggestive
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Atopic asthma is a complex disease characterized by
variable airway obstruction, bronchial hyperresponsive-
ness, elevated Th2-type cytokines, and high IgE levels
(Cookson 1999). Both environmental and genetic factors
play roles in the etiology of this disease (Holgate 1999;
Cookson 1999). Various studies have revealed that
exposure to bacterial infections or endotoxins during
early childhood plays an important role in polarization of
the immune response towards Thl response, thus
modulating the Th1-Th2 balance of the immune system
(Strachan 1989; Holt et al. 1997). Bacterial endotoxin/
lipopolysaccharide (LPS) binds to a glycoprotein receptor,
i.e., CD14, which promotes Thl responses. CD14 is
expressed in myeloid cells, primarily in monocytes and in
serum as soluble CD14 (sCD14). Binding of LPS to
sCD14 causes activation of signaling via Toll-like receptor
4 (TLR4) in antigen-presenting cells (APC), resulting in
secretion of IL-12 from these cells (Baldini et al. 2002).
Reduced levels of CD14 were seen in the serum of atopic
children from Sweden (Zdolsek et al. 2004).

The chromosomal location 5q31 has been shown to
harbor many promising candidate genes for asthma/atopy
(Marsh et al. 1994). CD14 is present along with the Th2
cytokine gene cluster, viz. IL-3, -4, -5, -9, -13 and other
susceptibility genes like UGRPI, [3-2-adrenergic receptor
gene (ADRB?2), etc., in this region. A polymorphism at the
—159 position in the CD/4 promoter has been identified
and found to affect the binding affinity of Spl, -2, and -3
transcription factors at the GC box in this region (LeVan et
al. 2001) in vitro, thus changing the expression of CD14.
Various studies correlating this polymorphism with the
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Table 1 Allele and genotype  Ajjele and genotype

Asthma phenotype

log;o-total serum IgE, IU/ml (n=351)

frequencies and mean log-serum
total IgE for C-159T polymor-

Patients n=187

Controls n=227

phism studied in the CD14 gene.

Numbers in parentheses indicate C 178 (47.59) 172 (37.89) 2.71£0.54 (n=279)

ﬁsrgggruglg% d(ilfg(fﬁ;l};aig;)éaz ) 196 (52.41) 282 (62.11) 2.57+0.63 (n=423)

aroup cc 43 (22.99) 30 (13.22) 2.87+0.39 (n=50)
CcT 92 (49.2) 112 (49.34) 2.62+0.59 (n=179)
T 52 (27.81) 85 (37.44) 2.5240.65 (n=122)

sCD14 level (Baldini et al. 1999; Kabesch et al. 2004)
support its role in regulating CD14 levels. However,
Heesen et al. (2001) found no such correlation in German
populations.

Studies in different ethnic populations have shown the
association of C-159T polymorphism with the skin-prick
test (Ober et al. 2000; Koppelman et al. 2001; Buckov et
al. 2003) and serum IgE levels (Gao et al. 1999; Baldini et
al. 1999). However, other studies failed to replicate the
association with atopic diseases (Cardaba et al. 2001;
Sengler et al. 2003; Kabesch et al. 2004). In addition, no
association was observed between CD/4 promoter poly-
morphisms and atopic asthma (Koppelman et al. 2001) or
bronchial asthma (Heinzmann et al. 2003). Therefore, we
have undertaken a case-control and a family-based study
to investigate the association of C-159T polymorphism
with atopic asthma and total serum IgE levels in northern
and northwestern Indian populations.

For the case-control study, a total of 187 unrelated
atopic asthmatic subjects (29.23+£14.6 years) and 227
normal controls (27.245.6 years) were recruited from
northern and northwestern India after clinical assessment
based on the American Thoracic Society guidelines, as
described earlier (Nagarkatti et al. 2002). Both populations
are of Indo—Aryan origin. Individuals who had a prior
history of smoking and/or parasitic infestation and the
control samples with a history of asthma/allergies were
excluded from the study. Similarly, for the family-based
study, 106 families [proband mean age = 19.7+12.3 years,
sex ratio (male:female) = 65.31:34.69] with a history of
asthma/atopy comprising 294 individuals were recruited.

The presence of C-159T polymorphism was confirmed
by sequencing the genomic DNA of 40 individuals (20
patients, 20 unrelated controls). PCR was done to amplify
the =511 to —58 promoter region of the gene (Baldini et al.
1999). The sequencing results showed the presence of the
previously reported C-159T functional polymorphism in
our population. Additionally, no other polymorphisms
were detected in the amplified region. Genotyping was
done by PCR-restriction fragment length polymorphism
(RFLP), using the Avall restriction enzyme. The allele
frequencies and genotype distributions were compared
between the patients and controls using a chi square test of
2x2 tables. Hardy—Weinberg equilibrium for parents
(family-based study) and for cases as well as for controls
(case-control study) was calculated using the De Finetti
program (http://ihg.gsf.de/cgi-bin/hw/hwal.pl). The geno-
type and allele frequencies of the C-159T polymorphism
in 187 unrelated atopic asthmatic patients and 227

ethnically matched controls are shown in Table 1. None
of the observed genotype counts deviated significantly
from those expected according to the Hardy—Weinberg
equilibrium (P>0.40). The frequency of the —159 C allele
was found to be higher in atopic asthmatic patients in
comparison to the control subjects (0.476 vs 0.379,
x*=7.91, df=1, P=0.0048). Individuals carrying the —159
C allele exhibited an increased risk of developing atopic
asthma (OR=1.49, 95% CI=1.13-1.97). Similarly, a
difference was seen at the genotype level when compared
with the control group (x*=8.45, df=2, P=0.0146). The CC
genotype was over-represented in the patient group
(OR=1.96, 95% CI=1.17-3.28), whereas the 7T genotype
was found to be more frequent in controls (OR=1.55, 95%
CI=1.02-2.36). According to the guidelines suggested by
Colhoun and McKeigue (2003) for case-control studies,
where a P-value in the range of 0.0005-0.00005 should be
taken as the threshold for significance, our results indicate
a suggestive evidence of association. Earlier case-control
studies that showed positive associations of the CD/4
gene with serum IgE or SPT or CD14 levels had reported a
P-value of more than 0.0005. Therefore, following the
same criteria of Colhoun and McKeigue (2003), they
should also be considered as suggestive evidence of
association. In addition, the differences in the results
between earlier studies (Koppelman et al. 2001; Heinz-
mann et al. 2003) and ours could be attributed to the
differences in ethnicity or difference in the study design. It
was also possible that we might have obtained a false-
positive result due to population stratification. However,
this possibility was ruled out by observing a similar
genotypic distribution (P>0.05) for 39 microsatellite
repeat markers, yet unlinked to asthma or atopy pheno-
type, among our case and control groups (data not shown).

Further, to avoid the confounding effect of population
admixture in case-control studies, the transmission dis-
equilibrium test (TDT) was applied to analyze allelic
association for CDI4 C-159T SNP with atopic asthma/
atopy, using the TDT/STDT program, version 1.1 (http://
genomics.med.upenn.edu/spielman/TDT.htm). We took
106 trios consisting of father, mother, and affected
offspring, either atopic or atopic asthmatic, for our
analysis. The TDT showed a preferential transmission of
the —159 C allele to affected children, 54 transmitted
versus 33 non-transmitted (x> TDT=5.069, df=1, P<0.025,
Table 2). Our results with the TDT analysis indicate a
suggestive evidence of association with the disease. An
earlier TDT study by Ober et al. (2000) also showed a
suggestive linkage with the SPT phenotype in Hutterites,
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Table 2 The transmission disequilibrium test (TDT). X’
TDT=5.069, df=1, P<0.025

Allele Transmitted Non-transmitted Total

C 54 33 87

T 33 54 87

Total 87 87 174

following the guidelines of Lander and Kruglyak (1995).
As C-159T polymorphism has been shown to affect Sp3
transcription-factor binding, it is possible that this poly-
morphism plays a direct role in regulating CD14 levels
and thus modulating Th1-Th2 balance. Nevertheless, in a
genetic association study, additional possibilities emerge
as suggested by Weiss (2001). For example, the C-159T
polymorphism might be in linkage disequilibrium with
another allele at another nearby locus that could be the true
causal allele. Therefore, it would be interesting to look for
other polymorphisms in the CD/4 gene locus itself or in
the flanking regions of the 5q31-33 chromosomal locus.
Vercelli et al. (2001) studied five polymorphisms in the
CD14 promoter region and found only a few haplotypes
because of high linkage disequilibrium. Notably, only
haplotypes carrying the —159 C allele were found to be
associated with high CD14 levels.

Next, we tested for association between genotypes or
alleles and total IgE values, using one-way ANOVA for all
individuals irrespective of their disease status (n=351).
Total serum IgE levels were found to follow a log normal
distribution in our study population. When the genetic
effects of C-159T polymorphism were tested on log-
transformed total serum IgE (log;q tsIgE) levels, a trend
was observed at the allele level (P=0.0016, Fig. la;
Table 1), as well as at the genotypic level (F=6.053, df=2,
P=0.0026, Fig. 1b). The mean log;, tsIgE levels in
individuals with CC genotype (2.87+0.39 IU/ml) were
highest, followed by individuals with CT (2.62+0.59 TU/
ml) and 7T genotypes (2.52+0.65 IU/ml). The mechanism
by which IgE levels are regulated is not clearly under-
stood. Jabara and Vercelli (1994) suggested direct action
of CD14 on monocytes, thereby inhibiting production of
IgE from B lymphocytes. The T allele has been reported to
reduce the binding affinity of Sp3 inhibitory transcription
factor to the GC box in mono mac 6 cells and thus results
in more CD/4 transcription (LeVan et al. 2001). The high

levels of CD14 in serum can lead to modulation of
immune response more towards Thl-type response and,
hence, low IgE. Thus, the individuals with the CC
genotype had the highest, and those with the 77 genotype
had the lowest, IgE levels. Further, quantitative transmis-
sion disequilibrium tests (QTDT) were used to simulta-
neously test for linkage and association between the CD /4
C-159T polymorphism and log;o tsIgE levels, using a
QTDT program that can accommodate nuclear families of
any size, with or without parental genotype data (Abecasis
et al. 2000). The orthogonal model of Abecasis et al.
(2000) was adopted in the QTDT analysis, where the
genotype score is decomposed into orthogonal between-
family () and within-family (3,) components. Popula-
tion stratification is tested according to whether (3,=3, as
proposed by Fulker et al. (1999). Population stratification
was not observed for the logq tsIgE. Since false-positive
results might be generated in multiple tests, to assess the
reliability of the results, permutations (1,000 simulations)
were performed. We have found no significant association
between logi tsIgE and C-159T CD14 polymorphism
(overall empirical significance level = 0.6070). This points
to the possibility that either the association observed in our
case-control study could be a false positive, or our results
with family-based analysis could be false negative due to
the small number of trios in the family-based study.
Because of missing IgE data or homozygous parental
genotype, only 53 families were taken for QTDT analysis.
It is a well-documented fact that exposure to endotoxins
during early childhood plays an important role in
modulating the Th1-Th2 balance (Strachan 1989).
According to the hygiene hypothesis (Strachan 1989),
the children who live in a cleaner environment have more
chances of developing Th2 disorders, because they are not
exposed to bacterial endotoxins during early childhood.
CD14, being the receptor for LPS, becomes a prime
candidate for genetic predisposition, and it becomes all the
more important to study the effect of genetic variation of
this gene in Th2 diseases in developing countries like
India, where exposure to endotoxins in early childhood is
very high. Moreover, the CDI4 gene is present in the
major susceptibility region (5q31-33) for atopy and asthma
(Marsh et al. 1994); earlier studies from our group on the
IL4 gene present in this region found evidence of an

Fig. 1 a Boxplot of log trans-
formed total serum IgE (log;, 47
tslgE) levels in ITU/ml by C-

159T alleles (P=0.0016). b C-

159T genotypes (P=0.0026).
The boxplot illustrates medians

and interquartile ranges
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association with atopic asthma (Nagarkatti et al. 2004).
Our results further emphasize the role of the 5q31 region
in genetic predisposition to atopy/atopic asthma.

In conclusion, we found suggestive evidence of an
association of the CDI4 C-159T polymorphism with
atopic asthma and serum IgE in the Indian population that
may intensify further research in the 5q31-33 chromo-
somal region.
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