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Abstract

Background: According to hygiene hypothesis, the development of allergic disease may be influenced by
exposure to microbial agents. Toll-like receptor 2 and 4 (TLR-2 and TLR-4) and their co-receptor CD14 link
innate and adaptive immunity through PAMPs recognition. Polymorphisms (SNPs) in TLR-2, TLR-4 and CD14
genes may modify qualitatively and/or quantitatively their expression, thus they could influence the
susceptibility and/or severity of allergic disease.

Patients and methods: TLR-2 (Arg753GIn), TLR-4 (Asp299Gly) and CD14 (C/T -159) SNPs were genotyped
using polymerase chain reaction in 213 patients with atopic asthma and 323 healthy controls matched in age and
gender.

Results: TLR-2*G/A genotype and TLR-2*A allele were significantly more frequent in patients (14.5%, 0.072)
comparatively to controls (0%, 0), (p<10”, OR(95% Cl)= 2.77 [2.47-3.12]; p<10”, OR(95% CI) = 2.64 [2.44-
2.85]; respectively). CD14*T/T genotype and CD14*T allele frequencies were higher in patients but the
differences failed to reach significance; [(24.4% and 0.481) vs (17.6% and 0.436), p=0.056 and p=0.15
respectively]. Inversely, we found no evidence to support a significant association between TLR-4 SNP and
asthma susceptibility.

Analysis of these SNPs according to clinical and biological features showed that TLR-2*G/A genotype were
associated to a higher mean of onset age (23.93 + 15.77 vs 16.13 + 13.67), p=0.01. Otherwise, CD14*C/T and
CD14*T/T genotypes were significantly correlated to elevated serum levels of both total and specific IgE,
p=0.028 and p=0.011 respectively. Nevertheless, none of the 3 investigated SNPs was associated to asthma
severity.

Conclusion: TLR-2 Arg753GIn SNP might play a role in asthma predisposition, while CD14 C/T -159
polymorphism seems to influence IgE synthesis.
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1. Introduction

Atopic asthma is a chronic inflammatory respiratory disorder characterized by variable airway obstruction,
bronchial hyper-responsiveness (BHR), elevated type 2 T-helper (Th2) cytokines secretion, and high IgE levels
[1]. Epidemiological studies have shown a lower prevalence of asthma and allergic sensitization in both children
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and adults who lived in a rural area during childhood [2-7]. That led to the hygiene hypothesis which suggests
that the development of allergic disease might be influenced by exposure to a variety of bacterium and viruses
which are abundantly present in a farm environment [8]. The immunological concept proposes that a lack of
microbial exposure leads to a Th2 deviation with impaired regulatory T cell (Treg) activity [9].

Toll-like receptors (TLRs) are pattern-recognition receptors (PRRs) that are expressed in antigen-presenting
cells (APCs) and recognize both microbial and endogenous antigens. Following binding to diverse pathogen-
associated molecular patterns (PAMPs), TLRs initiate intracellular signaling pathways, influence T-cell
polarization and development [10], and modulate Treg function [11]. CD14 is an accessory receptor which
shepherds both bacterial lipoproteins and endotoxin (LPS) to TLR-2 and TLR-4 respectively. Besides, it is well
known that LPS modulates airway inflammation. Nevertheless, there are contradictory findings, reported by
studies suggesting protective role for LPS through weakening Th2 responses while others showed exacerbating
effects on asthma [9, 12].

All these data suggest that TLR-2, TLR-4 and their co-receptor the CD14 are obviously candidate genes to
allergy and asthma susceptibility, and in which several single nucleotide polymorphisms (SNPs) were described.
The most studied SNPs in asthma and atopic diseases were: 1) TheTLR-2 Arg753GIn SNP that affects the
intracellular TIR (Toll Interleukin 1 receptor) domain which had been correlated to a lower NF-xB nuclear
translocation following lipoproteins binding [13]. 2) The TLR-4 Asp299Gly SNP altering the extracellular LRR
(Leucine Rich Repeat) domain that was associated to a significant decrease of response to LPS [14, 15]. 3) The
CD14 C/T -159 SNP modifying the affinity of transcription factors (Sp1, Sp2 and Sp3) to the promoter leading
to enhanced activity and raised expression of both membranous (mCD14) and soluble (sCD14) forms [16].

In the present study we aimed to assess the impact of TLR-2, TLR-4 and CD14 SNPs on atopic asthma

susceptibility and severity in a Tunisian population.

2. Materials and methods

2.1 Patients

This study included 213 patients with atopic asthma and 323 healthy voluntary blood donors from the same
geographic origin. Patients were visiting both pneumonology department of the Charles Nicolle Hospital in
Tunis and pediatrics department of Tahar Sfar Hospital in Mahdia and were diagnosed according to the Global
Initiative for Asthma (GINA) guidelines 2006 [17]. Clinical and biological features of patients are recorded in

Table 1.
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Controls were healthy subjects matched for age, gender and ethnicity. None of the healthy subjects had any
evidence of personal or family history of asthma and/or atopy.
All patients and controls gave written informed consent to participate in the study, and patient anonymity was

preserved using documents and methods approved by the local Ethics committee of Charles Nicolle Hospital.
2.2 Methods

Genomic DNA was extracted from peripheral blood using salting-out procedure [18].

TLR-2 Arg753GIn polymorphism was conducted by a tetraprimer amplification refractory mutation system-
polymerase  chain  reaction (ARMS-PCR) [19] with  specific  primers [TLR-2-F  50-
TATGGTCCAGGAGCTGGAGA, TLR-2-R 50-TGACATAAAGATCCCAACTAGAC, TLR-2-G 50-
GGTCTTGGTGTTCATTATCTTCC, and TLR-2-A 50-GGTCTTGGTGTTCATTATCTT-CT (metabion®
international AG, Lena-Christ-strasse 441, D-82152 Martinsried, Deutshland)]. The primers TLR-2-F, TLR-2-R,
TLR-2-G were used for detection of G allele and TLR-2-F, TLR-2-R, and TLR2-A were used for detection of A
allele of TLR-2 Arg753GIn SNP.

Identification of TLR-4 (Asp299Gly) and CD14 (C/T -159) SNPs was performed by PCR using specific primers
[(TLR4*F: 5"-GAT TAG CAT ACT TAG ACT ACT ACC TCC ATG -3 and TLR4*R: 5'-GAT CAA CTT
CTG AAA AAG CAT TCC CAC-3’) and (CDI14*F: 5'- GTG CCA ACA GAT GAG GTT CAC-3" and
CD14*R: 5'-GCC TCT GAC AGT TTA TGT AAT C-3’) (metabion® international AG, Lena-Christ-strasse
441, D-82152 Martinsried, Deutshland)], followed by a digestion of amplification products using Ncol and Avall

respectively (Restriction fragment length polymorphism: RFLP).
2.3 Statistical analysis

The results of continuous variables (Age, Onset Age and Total IgE level) are expressed as means + SD, and the
means of groups were compared by ANOVA-test (SPSS 11 Inc. Chicago, Illinois, USA). For qualitative
variables, univariable analysis was performed using chi-square test or fisher’s exact test for small numbers (Epi-
info Stat 6.04 program CDC, Atlanta). Probability (p) values were corrected for the number of tested alleles
(pc). Values < 0.05 were considered to be statistically significant. Frequencies of genotypes and alleles were
analyzed by chi-square test. In order to evaluate the strength of associations, the odds ratios (OR) together with
95% confidence intervals (CI) were calculated. Logistic regression models were built according to age, gender

to estimate adjusted ORs.

3. Results
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3.1 TLR-2 Arg753GlIn analysis

The results of TLR-2 genotyping in asthma patients are summarized in Table 2. Frequencies of both TLR-
2*G/A genotype and TLR-2*A allele were significantly higher in patients (14.4%, 0,072) comparatively to
controls (0%, 0); (p<107, OR (95% Cl) = 2.77 [2.47-3.12] and p<10”, OR (95% CI) = 2.64 [2.44-2.85];
respectively).

Interestingly, TLR-2*G/A genotype was correlated to a lower frequency of early onset of asthma (28%)
comparatively to TLR-2*G/G genotype (56.4%); p=0.008, OR(95% CI) = 0.3 [0.119-0.758]. In fact, the mean
of onset age was in the same way significantly higher in case of TLR-2*G/A genotype (23.93 £ 15.77) than in
patients with TLR-2*G/G (16.13 + 13.67]; p=0.01.

Nevertheless, analysis of TLR-2 with clinical and biological features showed no significant impact on asthma

control or both total and specific IgE synthesis.
3.2 TLR-4 Asp299Gly analysis

There were no significant differences in TLR-4 Asp299Gly genotypes and alleles frequencies between patients
and controls (Table 2). Moreover, TLR-4 SNP did not seem to influence the age of onset, and was not correlated
to any associated atopic manifestations (rhinitis and/or conjunctivitis) or to a family history of allergy and/or
asthma. Besides, asthma control status was quite similar between TLR-4 genotypes. Biologically, there were no
statistical associations of both total and specific IgE positivity with TLR-4 Asp299Gly SNP, and the mean level

of total was comparable in both TLR-4 genotypes.
3.2 CD14 C/T -159 analysis

The CD14*T/T genotype and CD14*T allele were more frequent in patients with asthma (24.4% and 0.481)
comparatively to controls (17.6% and 0.436); but the differences failed to reach the threshold of significance;
p=0.056 and p=0.15, respectively (Table 2).

Examination of CD14 SNP according to clinical features of asthma showed no association with onset age, or an
associated atopy or a family history of atopy and/or asthma. Similarly, there were no significant differences in
asthma control between the three genotypes of the CD14. Inversely, the CD14*T mutated allele (CD14*C/T and
*T/T) was significantly correlated to the positivity of both total and specific IgE; p=0.028, OR(95% ClI)= 2.23

[1.02-4.89] and p=0.011, OR(95% Cl)= 3.19 [1.14-8.94], respectively.

4. Discussion
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Since previous studies had suggested that asthma is a multifactorial disease influenced by genetic and
environmental factors about 30 years ago [20], a bundle of genome-wide screens for asthma were performed
[21-25]. About 6 regions (29, 59, 6q, 119, 12q and 13q) were found to be highly linked with asthma and
extensively replicated in many studies [21-25]. Among these linked regions, the 5g31.1 holds many candidate
genes including IL-4, IL-5, IL-9, IL-13, GM-CSF and CD14. In the beginning, IL-4 was well chosen as the
candidate gene as no other cytokine except IL-13 can induce & germline transcription and isotype switching to
IgE [26]. It was therefore reasonable to think that genetic variations in IL-4 and IL-13 were the source of the
linkage signal spotted on chromosome 5¢. Unexpectedly, some years and many studies later, the probability that
IL-4 and IL-13 genes play a major role in allergy and asthma pathogenesis is fading away. Likewise, the CD14
gene located in this region encodes a receptor that convoys PAMPs and more specifically lipoproteins and LPS
to both TLR-2 and TLR-4 respectively. As it has been suggested by hygiene hypothesis [9], exposure to
microbial agents in early life is mostly shielding against atopy and asthma, thus a genetic variation in TLR-2,
TLR-4 and their co-receptor the CD14 could influence their susceptibility and explain the 5¢q spot.

TLR-2 Ligation in APCs signals T-cell activation through several cytokines secretion. If bacterial lipopeptides
induce IL-12 synthesis and Th1l polarization, other TLR-2 ligands such as peptidoglycans and lipoteichoic acids
rather promote IL-6 secretion [27]. Yet again, if the pattern of T-cell polarization is very important in host
defense against invaders, it is equally the fulcrum upon which atopy susceptibility turns. Literature data
concerning the role of TLR-2 in predisposition/protection against allergy are conflicting: 1) First TLR-2
predisposing: In fact, in murine model ligation of TLR-2 with LPS/R848 induced a shift from Thl to Th2
response [28], activation of this receptor with Pam3-Cys-OH in C57BL/6 mice resulted in IL-13 and IgE
synthesis [29]. In human, both TLR-2 mRNA in sputum [30] and membranous TLR-2 expression in PBMC
(Peripheral Blood Mononuclear Cells) CD14™" [31] were significantly higher in asthmatic patients
comparatively to controls. 2) Second TLR-2 protector: Actually, administration of TLR-2 agonists to BALB/c
mice sensitized with ovalbumin resulted in an extinction of eosinophils and T-cells recruitment in sputum and a
significant decrease of both 1L-13 and IgE leading to a drastic reduction of BHR [32]. Moreover, invalidation of
TLR-2 [33] and MyD88 [34] genes led to a stepping up of asthma onset and abolishment of the protection
induced by bacterial exposure. Whether, predisposing or protecting TLR-2 expression is genetically determined,
and above the numerous polymorphisms in its gene the Arg753GIn (G—A +2258) SNP was correlated to a
lower NF-xB activity and a decrease in cytokines production [13]. Besides, the mutated allele TLR-2*A was

associated to several bacterial and viral infections [13, 19, 35-38] and predisposed to septic shock [13].
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Consequently, these acute and chronic severe infections could wield a natural selection which may explain the
low prevalence of the mutated allele TLR-2*A and the almost absence of the TLR-2*A/A homozygous
genotype in the mainstream of studied populations [19, 39-42]. Unfortunately, only few studies investigated the
impact of this SNP in asthma and/or atopy. A study performed on 210 Tunisian asthmatic children and 224
controls, showed no association with asthma susceptibility [42]. This was similarly the case in the study of
Hussein et al [40], but interestingly the mutated allele TLR-2*A was associated to partly controlled and
uncontrolled forms of the disease. Inversely, in our study we found that TLR-2*A was correlated to asthma
susceptibility without any impact on asthma control or on IgE levels. This peculiar result corroborates the
hygiene hypothesis, in fact by altering signaling the TLR-2*A allele may prevent the protective role of early
exposure to microorganisms. Nevertheless, this original finding must be confirmed by other studies on
independent cohorts.

TLR-4 which was the first member of TLR family to be discovered, has many exogenous (LPS) and
endogenous ligands. TLR-4 ligation can activate both Myd88 and TRIF pathways, and results in secretion of
TNFo, IFNp and 1L-18 that lead to a Thl adaptive response [43]. Nevertheless, Dabbagh et al [44] showed that
membranous expression of TLR-4 in dendritic cells (DC) was required for Th2 cytokines (IL-4 and IL-5)
synthesis. These paradoxical effects provide to TLR-4 a critical role in host defense and obviously in allergy
predisposition. Investigating TLR-4 role in allergy led again to contradictory conclusions: 1) First TLR-4
predisposing: indeed TLR-4 gene invalidation in sensitized mice with ovalbumin resulted in vanishing of both
bronchial inflammation and eosinophilia [45]. Moreover, degranulation of mast cells after LPS binding which
was lacking in these mice was fully restored in mice TLR-4""* [45-46]. In those mice TLR-4""*, stimulation of
mast cells with LPS induced Th2 cytokines (IL-4, IL-5 and IL-13) secretion [45]. In human, asthmatic patients
had significantly higher expression of TLR-4 in sputum [30] and in PBMC-CD14"®" [31]. 2) Second TLR-4
protector: In fact, sputum eosinophilia was radically annihilated in ovalbumin-sensitized mice by TLR-4
agonists [32]. Furthermore, Conrad et al [33] found that invalidation of TLR-4 gene in mice was significantly
predisposing to asthma. In human, expression of TLR-4 was statistically lower in PBMC from asthmatic
patients comparatively to normal subjects [47]. Those conflicting effects of TLR-4 are influenced by genetic
polymorphisms and more specifically the Asp299Gly SNP which alters the extracellular domain and that have
been associated with a significant decrease of response to LPS [14-15]. Additionally, this impaired response to
LPS was associated to a variety of bacterial and viral infections [48-51]; and to sepsis with important secretion

of inflammatory cytokines (TNFo and IL-6) [52-53]. Therefore, it is reasonable to think that infections could
7
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exert a selective pressure on the mutated allele TLR-4*G which may explain its low frequency in all
investigated populations [40, 42, 54-57]. In the present study, TLR-4 alleles and genotypes frequencies in
patients and controls were similar, thus corroborating results found in previous studies in Tunisian [42] and
Egyptian [40] populations. Nevertheless, Hussein et al [40] found the mutated allele TLR-4*G was correlated to
more severe forms of asthma which is in agreement with a preceding study performed on 341 British sibling-
pairs in which the homozygous TLR-4*A/A wild genotype was predictive to a less severe disease with a higher
FEV (forced expiratory volume) [58]. The lack of association of the TLR-4 SNP must be considered with
caution because of the low prevalence of the mutation which can hide any probable impact on asthma
susceptibility.

Both TLR-2 and TLR-4 are assisted by CD14, a molecule expressed and secreted by myeloid cells [26]. CD14-
cells such as epithelial and endothelial cells become responsive to PAMPs in the presence of sSCD14 [26]. A part
from a preeminent role during infections, the impact of CD14 on allergy isn’t yet well defined and faces the
disparity of literature data: 1) First CD14 protective: Actually, a decrease of sCD14 in sera was found to be
highly predictive of atopy [58-60]. Moreover, low levels of sCD14 in either amniotic fluid or maternal milk
were at a high risk for later atopy occurrence [61]. Additionally, sCD14 interfered with CD40 signaling in B
cells, inhibited IL-6 production and marked inhibition of IgE production [62]. 2) Second CD14 predisposing:
Indeed, it has been proved that MRNA of CD14 was significantly increased in asthmatic patients [30]. Besides,
18 hours after allergen challenge sCD14 levels considerably increased and were correlated to IL-13
concentration in bronchial fluid [63]. Finally, inhaled corticosteroids significantly decreased sCD14 levels even
with a concomitant intrabronchial interaction with LPS [64]. Apart from these conflicting data, the potential
influence of CD14 on allergy and/or asthma predisposition is most certainly controlled by its functional genetic
variability. The C/T -159 SNP in the CD14 gene is of the most interest as it has been correlated to a significant
increase of its expression [16]. This could lead to a higher response to LPS, in fact the CD14*T mutated allele
was correlated to endotoxin-induced sepsis and to subsequent mortality [65]. Although, an enhanced response to
LPS can theoretically prevent allergy and asthma, it would rather be pejorative by promoting inflammation after
allergic disease occurrence. In the present study, the CD14 C/T -159 SNP was not correlated to asthma
susceptibility, thus agreeing with the results of a meta-analysis that included 11 eligible studies [66]. However,
in a previous study [42] that included only children with a mean age of onset of about 4.2 years; considerably
lower than in our patients (17.17); the CD14*T mutated allele was found to be protective. This is precisely in

agreement with the hygiene hypothesis, indeed the protective role of microbial exposure and induction of CD14
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synthesis would be effective only in toddlers before allergen sensitization. Inversely, later and after allergen
sensitization this protective impact is offset by exacerbation of bronchial inflammation. In another hand, we
found that CD14*T allele was associated to the positivity of both total and specific IgE. This result corroborates
the study of Sackesen et al [67] in which PBMC from asthmatic patients with CD14*T/T genotype had a
significant increase of in vitro IgE synthesis comparatively to those from CD14*C/C patients. In reverse, in
other studies performed in juvenile groups [68-69] the IgE positivity was inversely correlated to the CD14*T
mutated allele. Therefore, all these data analyzed altogether would constitute a strong argument for the hygiene
hypothesis. Indeed, an early exposure concomitant with a high production of CD14 would be protective against
IgE production and by corollary atopy. Inversely, after allergen sensitization, hyper-production of CD14 would
rather promote IgE secretion and worsen atopic manifestations.

Conclusion

TLR-2 Arg753GIn SNP might play a role in asthma predisposition, while CD14 C/T -159 polymorphism seems
to influence IgE synthesis.

Acknowledgements

This work was granted and supported by the Laboratory of Research in Immunology of Renal Transplantation
and Immunopathology (LR03SPO01). University Tunis EI Manar. Charles Nicolle Hospital. Tunis, TUNISIA
Competing interests

No benefits in any form have been received or will be received from a commercial party related directly or
indirectly to the subject of this article.

Authors’ contribution

Pr Gorgi Yousr proposed the study and wrote the first draft. Tarak dhaouadi analyzed the data. All authors
contributed to the design and interpretation of the study and to further drafts. Pr Gorgi Yousr is the guarantor of
the integrity of this study.

References

[1] Cookson W. The alliance of genes and environment in asthma and allergy. Nature 1999; 402: B5-B11

[2] Riedler J, Braun-Fahrlander C, Eder W, Schreuer M, Waser M, Maisch S, et al. Exposure to farming in early
life and development of asthma and allergy: a cross-sectional survey. Lancet 2001; 358:1129-33

[3] Von Ehrenstein OS, Von Mutius E, Illi S, Baumann L, Bohm O, von Kries R. Reduced risk of hay fever and

asthma among children of farmers. Clin Exp Allergy 2000; 30: 187-93

© American Research Publications



US Open Clinical Immunopathology & Immunology Journal
Vol. 1, No. 2, June 2014, pp. 1 - 16
Available online at http://www.arepub.com/Journals.php

[4] Kauffmann F, Oryszczyn MP, Maccario J. The protective role of country living on skin prick tests,
immunoglobulin E and asthma in adults from the epidemiological study on the genetics and environment of
asthma, bronchial hyper-responsiveness and atopy. Clin Exp Allergy 2002; 32: 379-86

[5] Kilpelainen M, Terho EO, Helenius H, Koskenvuo M. Childhood farm environment and asthma and
sensitization in young adulthood. Allergy 2002; 57: 1130-5

[6] Leynaert B, Neukirch C, Jarvis D, Chinn S, Burney P, Neukirch F. Does living on a farm during childhood
protect against asthma, allergic rhinitis, and atopy in adulthood? Am J Respir Crit Care Med 2001; 164: 1829-34
[7] Portengen L, Sigsgaard T, Omland O, Hjort C, Heederik D, Doekes G. Low prevalence of atopy in young
danish farmers and farming students born and raised on a farm. Clin Exp Allergy 2002; 32: 247-53

[8] von Mutius E. Allergies, infections and the hygiene hypothesis—the epidemiological evidence.
Immunobiology 2007; 212: 433-9

[9] Peters M, Dudziak K, Stiehm M, Bufe A. T-cell polarization depends on concentration of the danger signal
used to activate dendritic cells. Immunol Cell Biol 2010; 88: 537-44

[10] Sun J, Walsh M, Villarino AV, Cervi L, Hunter CA, Choi Y, et al. TLR ligands can activate dendritic cells
to provide a MyD88-dependent negative signal for Th2 cell development. J Immunol 2005; 174: 742-51

[11] Conroy H, Marshall NA, Mills KH. TLR ligand suppression or enhancement of Treg cells? A double-edged
sword in immunity to tumours. Oncogene 2008; 27: 168-80

[12] Dong L, Li H, Wang S, Li Y. Different doses of lipopolysaccharides regulate the lung inflammation of
asthmatic mice via TLR4 pathway in alveolar macrophages. J Asthma 2009; 46: 229-33

[13] Lorenz E, Mira JP, Cornish KL, Arbour NC, Schwartz DA. A novel polymorphism in the toll-like receptor
2 gene and its potential association with staphylococcal infection Infect Immun 2000; 68: 6398-401

[14] Schmitt C, Humeny A, Becker CM, Brune K, Pahl A. Polymorphisms of TLR4: Rapid genotyping and
reduced response to lipopolysaccharide of TLR4 mutant alleles. Clin Chem 2002; 48: 1661-7

[15] Okayama N, Kozue F, Suehiro Y, Hamanaka Y, Fujiwara M, Matsubara T, et al. Simple genotype analysis
of the Asp299Gly polymorphism of the Toll-like receptor-4 gene that is associated with lipopolysaccharide
hyporesponsiveness. J Clin Lab Anal 2002; 16: 56-8

[16] LeVan TD, Bloom JW, Baieley TJ, Karp CL, Halonen M, Martinez FD, 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

10

© American Research Publications



US Open Clinical Immunopathology & Immunology Journal
Vol. 1, No. 2, June 2014, pp. 1 - 16
Available online at http://www.arepub.com/Journals.php

[17] Global Initiative for Asthma (GINA), National Heart, Lung and Blood Institute (NHLBI): Bethesda. Global
strategy for asthma management and prevention. NIH Pub. No 02-3659, January 1995. Updated 2005. [cited

2006 Oct 24]. Available from: www.ginasthma.com

[18] Miller SA, Dykes DD, Polesky HG. A sampling salting out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Res 1988; 16: 1218-8

[19] Ogus AC, Yoldas B, Ozdemir T, Ugus A, Olcen S, Keser I, et al. The Arg753GIn polymorphism of the
human toll-like receptor 2 gene in tuberculosis disease. Eur Respir J 2004; 23: 219-23

[20] Marsh DG, Meyers DA, Bias WB. The epidemiology and genetics of atopic allergy. N Eng J Med 1981,
305: 1551-9

[21] The Collaborative Study on the Genetics of Asthma (CGSA). A genome-wide search for asthma
susceptibility loci in ethnically diverse populations. Nat Genet 1997; 15: 389-92

[22] Koppelman GH, Stine OC, Xu J, Howard TD, Zheng SL, Kauffman HF, Bleecker ER, et al. Genome-wide
search for atopy susceptibility genes in Dutch families with asthma. J Allergy Clin Immunol 2002; 109(3): 498-
506

[23] 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 (5): 1154-62

[24] Dizier MH, Besse-Schmittler C, Guilloud-Bataille M, Annesi-Maesano |, Boussaha M, Bousquet J, et al.
Genome screen for asthma and related phenotypes in the French EGEA study. Am J Respir Crit Care Med 2000;
162(5): 1812-8

[25] Daniels SE, Bhattacharrya S, James A, Leaves NI, Young A, Hill MR, et al. A genome-wide search for
quantitative trait loci underlying asthma. Nature 1996; 383: 247-50

[26] Vercelli D. IgE and its regulators. Curr Opin Allergy Clin Immunol 2001; 1: 61-5

[27] Wetzler LM. The role of Toll-like receptor 2 in microbial disease and immunity. Vaccine 2003; S2: 55-60
[28] Wenink M, Santegoets k, Van Bon L.,Broen J, Huijbens R, Lubberts E, et al. Toll like receptor 2 promotes
Th2/Th17 responses via TLR4 and TLR8 by human dendritic cells by abrogating the type 1 interferon
amplification loop. Clin Immunol 2009 ; 131 : S126-S127

[29] Redecke V, Hacker H, Datta SK, Fermin A, Pitha PM, Broide DH, et al. Cuttingedge: Activation of Toll-
like receptor 2 induces a Th2 immune response and promotes experimental asthma. J Immunol 2004; 172: 2739-
43

[30] Simpson JL, Brooks C, Douwes J. Innate immunity in asthma. Paediatr Respir Rev 2008; 9: 263-70
11

© American Research Publications


http://www.ginasthma.com/

US Open Clinical Immunopathology & Immunology Journal
Vol. 1, No. 2, June 2014, pp. 1 - 16
Available online at http://www.arepub.com/Journals.php

[31] Chun E, Lee SH, Shim EJ, Cho SH, Min KU, Kim YY, et al. Toll-like receptor expression on peripheral
blood mononuclear cells in asthmatics; implications for asthma management. J Clin Immunol 2010; 30: 459-64
[32] Velasco G, Campo M, Manrique OJ, Bellou A, He H, Arestides RSS, et al. Toll-like receptor 4 and 2
agonists decrease allergic inflammation. Am J Respir Cell Mol Biol 2005; 32: 218-24

[33] Conrad ML, Ferstl R, Teich R, Brand S, Bliimer N, Yildirim AO, et al. Maternal signaling is required for
prenatal asthma protection by the nonpathogenic microbe Acinetobacter lwoffii F78. J Exp Med 2009; 206:
2869-77

[34] Aumeunier A, Grela F, Ramadan A, Van LH, Bardel E, Alcala AG, et al. Systemic Toll-like receptor
stimulation suppresses experimental allergic asthma and autoimmune diabetes in NOD mice. PloS one 2010; 5:
e11484

[35] Kutukculer N, Yeniay BS, Aksu G, Berdeli A. Arg753GIn polymorphism of the human Toll-like receptor-2
gene in children with recurrent febrile infections. Biochem Genet 2007; 45: 507-14

[36] Brown RA, Gralewski JH, Eid AJ, Knoll BM, Finberg RW, Razonable RR. R753Q single nucleotide
polymorphism impairs Toll-like receptor 2 recognition of hepatitis C virus core and nonstructural 3 proteins.
Transplantation 2010; 89: 811-5

[37] Dalgic N, Tekin D, Kayaalti Z, Soylemezoglu T, Cakir E, Kilic B, et al. Arg753GIn polymorphism of the
human Toll-like receptor 2 gene infection to disease in pediatric tuberculosis. Hum Immunol 2011; 72: 440-5
[38] Brown RA, Gralewski JH, Razonable RR. The R753Q polymorphism abrogates Toll-like receptor 2
signaling in response to human cytomegalovirus. Clin Infect Dis 2009; 49: €96-e99

[39] Biswas D, Gupta SK, Sindhawni G and Patras A. TLR2 polymorphisms, Arg753GIn and Arg677Trp, are
not associated with increased burden of tuberculosis in Indian patients. BMC Research 2009; 2(162): 1-6

[40] Hussein YM, Awad HA, Shalaby SM, Ali A-SA, Alzahrani SS. Toll-like receptor 2 and Toll-like receptor
4 polymorphisms and susceptibility to asthma and allergic rhinitis: a case-control analysis. Cell Immunol 2012;
274: 34-8

[41] Mockenhaupt FP, Cramer JP, Hamann L, Stegemann MS, Eckert J, Oh N et al. Toll like receptor (TLR)
polymorphisms in African children: Common TLR4 variants predispose to severe malaria. PNAS 2006; 103(1):
177-82

[42] Lachheb J, Dhifallah B, Chelbi H, Hamzaoui K & Hamzaoui A. Toll like receptors and CD14 genes

polymorphisms and susceptibility to asthma in Tunisian children. Tissue Antigens 2008; 71: 417-425

12

© American Research Publications



US Open Clinical Immunopathology & Immunology Journal
Vol. 1, No. 2, June 2014, pp. 1 - 16
Available online at http://www.arepub.com/Journals.php

[43] Palsson-Mc Dermott EM, O’neill LAJ. Signal transduction by the lipopolysaccharide receptor, Toll-like
receptor-4. Immunology 2004; 113: 153-62

[44] Dabbagh K, Dahl ME, Stepick-Biek P, Lewis DB. Toll-like receptor 4 is required for optimal development
of Th2 immune responses: Role of dendritic cell. J Immunol 2002; 168: 4524-30

[45] Yamashita M, Nakayama T. Progress in allergy signal research on mastcells: regulation of allergicairway
inflammation throughToll-like receptor4-mediated modification of mast cell function. J Pharmacol Sci 2008;
106: 332-5

[46] Supatjatura V, Ushio H, Nakao A, Akira S, Okumura K, Ra C, Ogawa H. Differential responses of mast
cell Toll-likereceptors 2 an 4 in allergy and innate immunity. J Clin Invest 2002; 109: 1351-9

[47] Lun SW, Wong CK, Ko FW, HUI DS, Lam CW. Expression and functional analysis of toll-like receptors
of peripheral blood cells in asthmatic patients: implication for immunological mechanism in asthma. J Clin
Immunol 2009; 29: 330-42

[48] Vogel SN, Awomoyi AA, Rallabhandi P, Medvedev AE. Mutations in TLR4 signaling that lead to
increased susceptibility to infection in humans: an overview. J Endotoxin Res 2005; 11:333-9

[49] Awomoyi AA, Rallabhandi P, Pollin TI, Lorenz E, Sztein MB, Boukhvalova MS, Hemming VG, et al.
Association of TLR4 polymorphisms with symptomatic respiratory syncytial virus infection in high-risk infants
and young children. J Immunol 2007. 1:3171-7

[50] Yuan FF, Marks K, Wong M, Watson S, de Leon E, Mclntyre PB, et al. Clinical relevance of TLR2, TLR4,
CD14 and FcgammaRIIA gene polymorphisms in Streptococcus pneumoniae infection. Immunol Cell Biol
2008,86 :268-70

[51] Gasparoto TH, Tessarolli V, Garlet TP, Torres SA, Garlet GP, da Silva JS, et al. Absence of functional
TLR4 impairs response of macrophages after Candida albicans infection. Med Mycol 2010;48:1009-17

[52] Barber RC, Aragaki CC, Rivera-Chavez FA, Purdue GF, Hunt JL, Horton JW. TLR4 and TNF-alpha
polymorphisms are associated with an increased risk for severe sepsis following burn injury. J Med Genet 2004;
41:808-13

[53] Kumpf O, Giamarellos-Bourboulis EJ, Koch A, Hamann L, Mouktaroudi M, Oh DY, et al. Influence of
genetic variations in TLR4 and TIRAP/Mal on the course of sepsis and pneumonia and cytokine release: an
observational study in three cohorts. Crit Care 2010; 14: 1-11

[54] Sanchez E, Orozco G, Lopez-Nevot MA, Jiménez-Alonso J, Martin J. Polymorphisms of toll-like receptor

2 and 4 genes in rheumatoid arthritis and systemic lupus erythematosus. Tissue Antigens 2004; 63: 54-7
13

© American Research Publications



US Open Clinical Immunopathology & Immunology Journal
Vol. 1, No. 2, June 2014, pp. 1 - 16
Available online at http://www.arepub.com/Journals.php

[55] Jean O, Petit-Teixeira E, Kirsten H, Ahnert P, Semerano L, Pierlot C, et al. No evidence of major effects in
several Toll-like receptor gene polymorphisms in rheumatoid arthritis. Arthritis Res Ther 2009; 11: R5

[56] Emonts M, Hazes MIMW, Houwing-Duistermaat JJ, Van Der Gaast-De Jongh CE, De Vogel L, Han HKH,
et al. Polymorphisms in genes controlling inflammation and tissue repair in rheumatoid arthritis: a case control
study. BMC Med Genet 2011; 12: 36

[57] Kilding R, Akil M, Till S, Amos R, Winfield J, lles MM, et al. A biologically important single nucleotide
polymorphism within the toll-like receptor-4 gene is not associated with rheumatoid arthritis. Clin Exp
Rheumatol 2003; 21: 340-2

[58] Zdolsek HA, Jenmalm MC. Reduced levels of soluble CD14 in atopic children. Clin Exp Allergy 2004; 34:
532-9

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

[60] LadrupCarlsen KC, Lavik M, Granum B, Mowinckel P, Carlsen KH. Soluble CD14 at 2 yr of age: gender-
related effects of tobacco smoke exposure, recurrent infections and atopic diseases. Pediatr Allergy Immunol
2006; 17: 304-12

[61] Jones CA, Holloway JA, Popplewell EJ, Diaper ND, Holloway JW, Vance GHS, 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

[62] Arias MA, Rey Nores JE, Vita N, Stelter F, Borysiewicz LK, Ferrara P, et al. Cutting Edge: Human B cell
function is regulated by interaction with soluble CD14: Opposite effects on 1gG1l and IgE production. J
Immunol 2000; 164: 3480-6

[63] Virchow Jr JC, Julius P, Matthys H, Kroegel C, Luttmann W. CD14 expression and soluble CD14 after
segmental allergen provocation in atopic asthma. Eur Respir J 1998; 11: 317-23

[64] Alexis N, Eldridge M, Reed W, Bromberg P, Peden DB. CD14-dependent airway neutrophil response to
inhalated LPS: Role of atopy. J Allergy Clin Immunol 2001; 107: 31-5

[65] Gibot S, Cariou A, Drouet L, Rossignol M, Ripoll L. Association between a genomic polymorphism within

the CD14 locus and septic shock susceptibility and mortality rate. Crit Care Med 2002; 30(5): 969-73

14

© American Research Publications



US Open Clinical Immunopathology & Immunology Journal
Vol. 1, No. 2, June 2014, pp. 1 - 16
Available online at http://www.arepub.com/Journals.php

[66] Nishimura F, Shibasaki M, Ichikawa K, Arinami T, Noguchi E. Failure to find an association between CD-

159C/T polymorphism and asthma: A familiy-basedassociation test and meta-analysis. Allergol Int 2006; 55:

55-8

[67] Sackesen C, Birben E, Soyer OU, Sahiner UM, Yavuz TS, Civelek E, et al. The effect of CD14 C159T

polymorphism on in vitro IgE synthesis and cytokine production by PBMC from children with asthma. Allergy;

66: 48-57

[68] 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 Allery

Immunol 2003; 14: 255-60

[69] Koppleman GH, Reijmerink NE, Stine OC, 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

Table 1: Clinical and biological features of patients

Patients

Age * SD (years) 22.62 £13.76
Sex ratio (Males / Females) 0.83 (97/116)
Onset age + SD (years) 17.17 £ 14.17
Early onset before 16 years old 52.6%
Exposure to tobacco 31.45%
Associated atopy (rhinitis and/or conjunctivitis) 64.5%
Family history of asthma and/or allergy 34.9%

Asthma classification (GINA 2006)
Controlled 84%
Partly Controlled 10.6%
Uncontrolled 5.3%
Allergen identified 84%
Total IgE > 200 1U/ml 58.1%
Average level of Total IgE = SD (1U/ml) 389.56 * 363
Specific IgE positive 81.3%
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Table 2: Results of TLR-2 Arg753GIn, TLR-4 Asp299Gly and CD14 (C/T -159) SNPs genotyping in patients

and controls

Polymorphism Controls n=323 Patients n=213 p OR(95% CI)

TLR-2 Arg753GIn

Genotypes G/IG 323 (100%) 182 (85.4%)
GIA 0 31 (14.5%) <107 * 2.77 [3.47-3.12]
Alleles G 1 0.927
A 0 0.072 <107 ¥ 2.64 [2.44-2.85]

TLR-4 Asp299Gly

Genotypes AIA 294 (91%) 196 (92%) 0.686 1.14 [0.58-2.23]
AIG 29 (9%) 17 (8%)
Alleles A 0.955 0.96 0.69 1.13 [0.59-2.18]
G 0.045 0.04

CD14 C/T -159

Genotypes C/C 98 (30.3%) 60 (28.1%)
CIT 168 (52%) 101 (47.4%)
T/T 57 (17.6%) 52 (24.4%) 0.056 1.51[0.97-2.35]
Alleles C 0.563 0.518
T 0.436 0.481 0.15 1.2 [0.93-1.54]

*p comparing TLR-2*G/A genotype prevalence between patients and controls

+ p comparing TLR-2*A allele frequencies between patients and controls
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