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Abstract The -159C/T polymorphism in the CD14 gene
has been implicated in susceptibility to allergic rhinitis
(AR), but results were conflicting. The aim of this study is
to investigate the association between the CD14-159C/T
polymorphism and the risk of AR. All eligible case—control
studies published up to July 2013 were identified by
searching PubMed, Web of Science and CNKI. Pooled
odds ratio with 95 % confidence interval (95 % CI) was
used to access the strength of this association in fixed- or
random-effects model. A total of seven case—control
studies, including 887 cases and 889 controls, were selec-
ted. Overall, no significant association between the CD14-
159C/T polymorphism and AR risk was found. Besides,
stratified analysis with ethnicity and source of control also
indicated that no significant association between CD14-
159C/T and the risk of AR under all for genetic model was
observed. This meta-analysis indicated that the CDI14-
159C/T polymorphism is not associated with AR risk.

Keywords CD14 - Polymorphism - Allergic rhinitis -
Meta-analysis
Introduction

Allergic rhinitis (AR) is an atopic disease, which is char-
acterized by episodes of rhinorrhea, sneezing, and itchy/
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watery eyes, is strongly associated with IgE sensitization to
grass and other pollens [1, 2]. The development of AR, as
with other allergic conditions, pivots on the interplay
between genetic predisposition and environmental expo-
sures [3, 4]. Despite the latter play important roles in the
development of atopy, there is a strong inherited suscep-
tibility in the etiology of AR [5]. Variants in several genes
have been identified as biologically plausible candidates
for effects on AR, such as CD14 [6-9].

The CD14 gene is localized on chromosome 5q31.1, in a
region shown to be linked to type 2 T lymphocyte (Th2)
prevalent phenotypes, which encodes a receptor protein
that binds to lipopolysaccharide (LPS), its primary ligand,
and interacts with co-receptors toll-like receptor 4 (TLR4)
and lymphocyte antigen 96 (LY96). CD14 is expressed on
the surface of monocytes, macrophages, and neutrophils as
membrane CD14 (mCD14) and in the serum as soluble
CD14 (sCD14) and its expression may be partially regu-
lated at the genetic level [10]. There are several polymor-
phism sites in the CD14 gene, and a well-studied common
single nucleotide polymorphism (SNP) in the promoter
region of CD14, -159C/T (rs2569190, also known as CD14
-260C/T), has been associated with increased CDI14
expression in vitro and in the serum of children, and with
altered serum IgE levels and skin test positivity in Chinese
children [11].

Recently, the CD14-159C/T polymorphism is investi-
gated extensively to the susceptibility of AR [12-18].
However, the results remain controversial. Some studies
reported that there was no significant association between
them [13, 17, 18]; while, other studies suggested CD14-
159C/T polymorphism is significantly associated with AR
[14, 16]. In addition, Han et al. [12] found that individual
with TT genotype is associated with AR in Chinese adults.
Conversely, Lu et al. [15] suggested that the allele C is

@ Springer



1602

Eur Arch Otorhinolaryngol (2014) 271:1601-1607

related to AR. So, we conduct a meta-analysis to evaluate
the association between the CD14-159C/T polymorphism
and AR risk.

Materials and methods
Search strategy

We searched the PubMed, Web of Science and CNKI
databases before July 22, 2013, by using the key subjects
“allergic rhinitis”, “AR”, “genetic polymorphism”,
“polymorphism”, “variant”, in combination with “cluster
of differentiation 14, “CD14”. Additional studies were
identified by manual search of references of original arti-
cles on this topic. Search results were restricted to human
populations and without language restrictions. If more than
one geographic or ethnic heterogeneous group was reported
in one report, each was extracted separately. If data or data
subsets were published in more than one article, only the
publication with the largest sample size was included.

Inclusion criteria and exclusion criteria

Studies were included if they met the following criteria: (1)
Studies clearly described the diagnoses of AR (2) studies
that evaluated the association between the CD14-159C/T
polymorphism and AR, (3) in a case—control study design,
and (4) had detailed genotype frequency of cases and
controls or could be calculated from the article text. While
major exclusion criteria were: (1) case-only study, case
reports, and review articles, (2) studies without the raw
data of the -159C/T genotype of CDI14 gene, and (3)
studies that compared the CD14-159C/T variants in other
atopic disease.

Data extraction and quality assessment

The two investigators independently extracted data and
reached consensus on all of the items. If the two investi-
gators generated different results, they would check the
data again and have a discussion to come to an agreement.
If they could not reach an agreement, a third expert was
invited to the discussion. Data extracted from the selected
articles included the first author’s name, year of publica-
tion, country of origin, ethnicity of study population,
genotyping methods, source of control, number of cases
and controls and HWE in controls (P value).

Statistical analysis

The risk of AR associated with the CD14-159C/T poly-
morphism was estimated for each study by odds ratios
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(ORs) and 95 % confidence intervals (95 % ClIs). Four
different ORs were calculated: the dominant model
(CT + TT vs. CC), the recessive model (TT wvs.
CT + CC), heterozygote comparison (CT vs. CC), and
homozygote comparison (TT vs. CC). A x> test-based Q
statistic test was performed to assess the between-study
heterogeneity [19]. We also quantified the effect of heter-
ogeneity by I* test. When a significant Q test (P > 0.05) or
I? <50 % indicated no heterogeneity across studies, the
fixed effects model was used [20], or else the random-
effects model was used [21]. Before the effect estimation of
CD14 polymorphism in AR, we tested whether genotype
frequencies of controls were in HWE using % test. To
avoid the heterogeneity of ethnicity and sources of control,
we performed stratification analyses on ethnicity and
sources of control. Analysis of sensitivity was performed to
evaluate the stability of the results. Finally, potential pub-
lication bias was investigated using Begg’s funnel plot and
Egger’s regression test [22, 23]. P < 0.05 was regarded as
statistically significant. Statistical analysis was performed
using the Cochrane Collaboration RevMan 5.1 (Copenha-
gen, 2008) and STATA package version 12.0 (Stata Cor-
poration, College Station, Texas).

Results
Study characteristics

The search strategy retrieved 31 potentially relevant stud-
ies. According to the inclusion criteria, seven studies with
full-text were included in this meta-analysis and 24 studies
were excluded. The flow chart of study selection is sum-
marized in Fig. 1. As shown in Table 1, there were seven
case—control studies with 887 cases and 889 controls
concerning CD14-159C/T polymorphism. Of seven case—
control studies selected for meta-analysis, five studies were
written in English, and two in Chinese; two ethnicities
were addressed: six studies were conducted in Asians, and
only one in Caucasians [17]. The distribution of genotypes
in the controls was consistent with the Hardy—Weinberg
equilibrium for all selected studies, except for three studies
[12, 13, 17].

Quantitative data synthesis

Overall, no significant associations between the CDI14-
159C/T polymorphism and AR risk were found [dominant
model: TT + CT vs. CC (OR=0.79, 95% CI:
0.47-1.32, P = 0.37), recessive model: TT vs. CT + CC
(OR = 0.97, 95 % CI: 0.69-1.36, P = 0.88), CT vs. CC
(OR = 0.97, 95 % CI: 0.63-1.51, P = 0.90), TT vs. CC
(OR =0.94, 95 % CI: 0.59-1.51, P = 0.80)] (Table 2;
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Fig. 1 Flow chart showing
study selection procedure
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Table 1 Characteristics of studies included in the meta-analysis

Study Year Country  Ethnicity Genotyping  Source of Case Control Puwe
methods control
Total CC CT TT Total CC CT TT
Han [12] 2010  China Asian TaqMan PB 92 14 40 38 72 10 45 17 0.03
Hu [13] 2010  China Asian TaqMan HB 300 50 140 110 300 65 128 107 0.02
Kang [14] 2006  Korea Asian PCR-RFLP HB 164 44 83 37 160 38 85 37 043
Lu [15] 2006  China Asian PCR-RFLP HB 60 28 19 13 40 6 16 18 044
Micheal [16] 2011 Pakistan  Asian PCR-RFLP PB 110 21 64 25 120 40 49 31 0.05
Sengler [17] 2003 German Caucasian PCR-RFLP PB 80 16 46 18 119 26 72 21 0.02
Takeuchi [18] 2005 Japan Asian PCR-RFLP PB 81 19 40 22 78 14 37 27  0.83

PB population-based, HB hospital-based, HWE Hardy—Weinberg equilibrium, Pywg was calculated by goodness-of-fit x2 test, Pywe < 0.05 was
considered statistically significant, PCR-RFLP polymerase chain reaction-restriction fragment length polymorphism

Fig. 2). That is to say, the CD14-159C/T genotype dis-
tribution between AR and control group was no significant
difference.

In the subgroup analysis by ethnicity, similar results
were observed in Asian populations [dominant model:
TT 4+ CT vs. CC (OR =091, 95 % CIL 0.54-1.52,
P = 0.71), recessive model: TT vs. CT 4+ CC (OR = 0.93,
95 % CI: 0.63-1.35, P = 0.69), CT vs. CC (OR = 0.95,
95 % CI: 0.56-1.59, P = 0.84), TT vs. CC (OR = 0.88,
95 % CI: 0.51-1.51, P = 0.64)] (Table 2); while only one
study focused on Caucasians, indicated that the CD14-159
SNP might not play a major role in the development of AR
in German children.

In the stratified analysis based on source of control, no
significant association was found both in hospital-based
and population-based populations (Table 2).

Test of heterogeneity

There was significant heterogeneity for overall compari-
sons (dominant model: TT + CT vs. CC: P < 0.0001,
I =79 %, recessive model: TT vs. CT + CC: P = 0.03,
PP =56 %, CT vs. CC: P = 0.009, I = 65 %, TT vs. CC:
P =0.01, > = 63 %). In the subgroup analysis by eth-
nicity and source of control, the heterogeneity still exists,
indicating that the different ethnicities and control selection

@ Springer



1604 Eur Arch Otorhinolaryngol (2014) 271:1601-1607
s < may not be the source of heterogeneity; while we found
o | 8 B Z n 2 that the heterogeneity, after successively removing two
studies by Han et al. and Lu et al. was effectively removed
= = < S § or decreased (Table 2).
° ~
SO I S Z S S
_ Sensitivity analyses
~ ~ o~ v =
— — 00 0w <2
=il B R - @ . . .
o Ol—- < = We examined the influence of these studies on the pooled
SH I oo 5 8 OR by repeating the meta-analysis while excluding one
|8l S =< . . o
R - o e study at a time. The estimated pooled odds ratio did not
= % 3 S 2 R change (date not shown), indicating that our results were
statistically robust.
S
< <
“l8 Tz @R Publication bias
§ § < o = Begg’s funnel plot and Egger’s test were performed to
Al e S Z S assess the potential publication bias in the available liter-
_ o R 3 ature. The shape of funnel plots did not reveal any evi-
~la &8 828¢8€ > dence of funnel plot asymmetry (Fig. 3). Egger’s test also
— —_ A A — < . . . .
9 g o g S g s showed that there was no statistical significance for the
slel S Sss S o %; evaluation of publication bias (dominant model:
; o N ol o R E P =0.117,CT vs. CC: P = 0.138, TT vs. CC: P = 0.315,
Olofs <= =29 8 recessive model: P = 0.680).
2]
5]
S £
N2 < =)
~ N = > o~ <t = . .
= © A e g Discussion
Q
Q g < S5 8 g . . . . . . .
2l S 28 = Genetic epidemiologic studies of single nucleotide poly-
% morphism, if large and unbiased, can provide evidence of
o] e Y A e the association between candidate gene and disease risk.
+|C|—= = == Y Many candidate genes were reported to be associated to
4 3 i % g E \OOS § ] AR risk, such as CD14 gene, and there have been reported
Els|la]| S SN2 (S B . : . sl :
212l &G - a o polymorphisms associated with AR risk in these candidate
j = % 3 sz z 3 i genes. For CD14 gene, several polymorphisms have been
g ‘§ described and investigated [24, 25], and, of these, the
E 9 < éo’o C-159T promoter polymorphism has been the most
E- o | R 2z % & 8 extensively studied in atopic disease. In vitro studies using
5]
£ = transient transfection assays in CD14 expressing mono-
E S o o - “E cytic cells showed that the C-159T polymorphism increa-
& S S < 28 = ses transcription by lowering the affinity of the CDI14
9 alv sz 33 s
2 < c° Y regulatory region for Sp3 [26], a factor known to inhibit
+ | - = = a £ the activity of a number of promoters [27]. In clinical
8 L: g @ RER o e E El studies, the C-159T TT genotype has been associated with
k) ; e | 5 S =) B S higher circulating sCD14, a lower mean number of positive
s | E T nwa  aaq = E X : .
5|5 ol =) S S S < % ° skin tests, and lower serum IgE levels in British and
~ Q . . .
2= |x]|R N B« o g American white populations [28, 29]. Conversely, the CC
Zlolo]| s S S S S|E » 53 . L
E Z 5 < = genotype has been associated with higher levels of total
g 5 . - . .
5 % § a 'é 2 serum IgE and a higher number of positive skin tests in a
o~ O = < o .
_% % s £ 2 t population from the Netherlands [30], and the C allele has
g s 8 5 2 8 5 been associated with atopy, specifically to moulds, in a
n » S = o= 5= .
P % %* o & ° _&é “E < é Czech population [31].
=|e S EZ 22 mm|3 8 % ° The -159C/T polymorphism in CD14 gene has been
= | .8 8 E <0 3 afI|4FEKx . . . . .
= > = | A N investigated for the association with many diseases, such

@ Springer



Eur Arch Otorhinolaryngol (2014) 271:1601-1607

1605

A Case Control 0Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI

Han 2010 78 92 62 72 12.3% 0.90[0.37, 2.16]

Hu 2010 250 300 235 300 17.0% 1.381[0.92, 2.08] =l

Kang 2006 120 164 122 160 16.1% 0.85[0.51,1.40] .

Lu 2006 32 60 34 40 1.1% 0.20[0.07, 0.55] -

Micheal 2011 89 110 80 120 151% 212[1.15,3.89] -

Sengler 2003 46 80 93 119 15.0% 0.38[0.20,0.70] -

Takeuchi 2005 62 81 64 78 13.4% 0.71[0.33,1.55] T

Total (95% CI) 887 889 100.0% 0.79[0.47,1.32]

Total events 677 690

Heterogeneity: Tau?= 0.37; Chi*= 28.18, df= 6 (P < 0.0001); F= 79% ; t T t {

Test fa?uver:ll effect Z= EII.QL'I (P= D.3?)l ( § 0.01 01 L 10 100

Favours case Favours control
B
Case Control 0Odds Ratio 0Odds Ratio

Han 2010 38 92 17 72 128% 2.28[1.15, 4.51] —

Hu 2010 110 300 107 300 21.4% 1.04[0.75, 1.46]

Kang 2006 37 164 37 160 16.5% 0.97 [0.58, 1.63]

Lu 2006 13 60 18 40 95% 0.34[0.14, 0.81] —

Micheal 2011 25 110 31120 14.4% 0.84 [0.46, 1.55]

Sengler 2003 18 80 21 119 124% 1.35[0.67,2.74]

Takeuchi 2005 22 81 27 78 129% 0.70[0.36, 1.39]

Total (95% CI) 887 889 100.0% 0.97 [0.69, 1.36]

Total events 263 258

Heterogeneity: Tau?= 0.11; Chi*= 13.58, df= 6 (P = 0.03); F= 56% D t T t |

Test for overall effect. Z=0.16 (P = 0.88) UmFavESrs case1 Favourlncontrlmlnu
C

Case Control 0dds Ratio 0dds Ratio

Study or Subqroup _Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl

Han 2010 40 54 45 55 116% 0.63[0.25, 1.59]

Hu 2010 140 190 128 193 18.9% 1.42[0.92,2.21] T

Kang 2006 83 127 85 123 17.4% 0.84 [0.50, 1.43] —=

Lu 2006 19 47 16 22 95% 0.25[0.08, 0.77] —_—

Micheal 2011 64 85 43 89 155% 2.49[1.30, 4.75] —

Sengler 2003 46 B2 7298 143% 1.04[0.50,2.14] -

Takeuchi 2005 40 59 37 51 129% 0.80[0.35, 1.81] T

Total (95% CI) 624 631 100.0% 0.97 [0.63, 1.51]

Total events 432 432

Heterogeneity: Tau?= 0.22; Chi#= 17.15, df = 6 (P = 0.009); F= 65% u o1 0=1 ] 1:0 100:

Test for overall effect Z= 012 (P = 0.90) " Eavours case Favours conhrol
D Case Control 0Odds Ratio Odds Ratio

Study or Su Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Han 2010 38 52 17 27 118% 1.60[0.59, 4.31] -

Hu 2010 110 160 107 172 19.8% 1.34[0.85, 2.11] ™

Kang 2006 37 81 3775 17.0% 0.86 [0.46, 1.62] ——

Lu 2006 13 # 18 24 102% 0.15[0.05, 0.48] —_—

Micheal 2011 25 46 M7 151% 1.54[0.73,3.24] T

Sengler 2003 18 34 21 47 131% 1.39[0.57, 3.38] -

Takeuchi 2005 2 M 27 4 131% 0.60 [0.25, 1.46] —T

Total (95% CI) 455 457 100.0% 0.94 [0.59, 1.51] <

Total events 263 258

Heterogeneity: Tau®= 0.24; Chi*= 16.01, df= 6 (P = 0.01); F=63% u o1 u=1 1=0 1nu=

Test for overall effect. Z=0.25 (P = 0.80)

Favours case Favours control

Fig. 2 Meta-analysis of the association between CD14-159C/T polymorphism and susceptibility to AR. A dominant model. B recessive model.

C CT vs. CC. D TT vs. CC

as asthma [32], periodontitis [33], inflammatory bowel
disease [34], alcoholic liver disease [35], systemic lupus
erythematosus [36], tuberculosis [37], coronary heart

disease [38], cerebrovascular diseases [39], and ischemic
heart disease [40]. To our knowledge, this is the first meta-
analysis which comprehensively assessed the association
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Begg's funnel plot with pseudo 95% confidence limits

.5

logOR

T T T T
0 A 2 3

s.e. of: logOR

Fig. 3 Begg’s funnel plot for publication bias. (dominant model)
Each point represents a separate study for the indicated association.
Log [OR], natural logarithm of OR. Horizontal line mean effect size

between CD14-159C/T polymorphism and AR risk. The
current meta-analysis including seven case—control studies
and 4,124 subjects were conducted to explore the associ-
ation of the CD14-159C/T polymorphism with AR. Over-
all, no evidence has indicated that the CDI14-159C/T
polymorphism was associated with the susceptibility to
AR. In the subgroup analysis by ethnicity and source of
control, similarly, we did not detect any association
between CDI14-159C/T polymorphism and AR risk in
Asians, hospital-based and population-based populations.
The results seem to contradict the observations of func-
tional studies of CDI14, which had suggested that CD
played a pivotal role in the development of AR. However,
as AR was a complicated multi-genetic disease, the dis-
crepancy may be due to different genetic backgrounds and
environmental exposures, gene—gene and gene—environ-
mental interaction, and other factors (such as age, gender).

Heterogeneity is a potential problem when interpreting
the results of all meta-analysis. In this study, heterogeneity
was found in overall comparisons using all four genetic
models. Ethnicity was an important reason for this heter-
ogeneity. Individuals from different ethnicities may have
diverse genetic backgrounds and environmental factors,
and consequently, the same polymorphism may play dif-
ferent roles in different populations. Therefore, we per-
formed stratified analysis by ethnicity, whereas, the
heterogeneity still exists; Furthermore, the source of the
controls was another factor that contributed to heteroge-
neity, so we conducted subgroup analysis by it, the heter-
ogeneity markedly decreased in population-based
population under TT vs. CC, while, in other genetic
models, the heterogeneity also exists. Then sensitivity
analyses were conducted by excluding one study succes-
sively, the estimated pooled OR changed quite little,
strengthening the results from this meta-analysis, while
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removing one study by Han et al. or Lu et al. the hetero-
geneity was effectively removed or decreased. The results
above suggest that control selection and particular study
may contribute to the heterogeneity observed in the meta-
analysis. In addition, life style, environment background
and other unknown factors may also be the source of
heterogeneity.

Some limitations of this meta-analysis should be
addressed. First, because of incomplete raw data or publi-
cation limitations, some relevant studies could not be
included in our analysis. Second, significant heterogeneity
was found in some models, which may lead the failure to
confirm marginal associations. Third, our results were based
on unadjusted estimates, while lacking of the information
for the date analysis may cause serious confounding bias.
Fourth, individual study deviation from HWE might reflect
the presence of genotyping errors, population stratification
and selection bias in the controls. In this meta-analysis,
three in seven studies were not in HWE, so the result should
be cautiously interpreted. Fifth, the majority of data used for
the meta-analysis are from the East Asian population.

In conclusion, this meta-analysis suggested that the
CD14-159C/T polymorphism is not associated with AR risk.
However, considering the limitations in our study, large and
well-designed studies are warranted to validate our findings.

Conflict of interest We declare that we have no conflict of interest.
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