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Abstract

Cluster of differentiation 14 (CD14) gene is an important component of the human innate immune system and its role in
tuberculosis (TB) has been sparsely documented. The enhanced plasma CD14 levels in TB patients as compared to healthy
controls are associated with CD14 gene promoter (C-159T) polymorphism. In the past few years, the relationship between
CD14 —159 C>T (rs2569190) polymorphism and risk of TB has been reported in various ethnic populations; however, those
studies have yielded contradictory results. In this study systemic assessment was done for the published studies based on
the association between CD14 —159 C>T polymorphism and TB risk retrieved from PubMed (Medline) and EMBASE search.
A total number of 1389 TB cases and 1421 controls were included in this study and meta-analysis was performed to
elucidate the association between CD14 —159 C>T polymorphism and its susceptibility towards TB. Pooled odds ratios
(ORs) and 95% confidence intervals (95% Cls) were calculated for allele contrast, homozygous comparison, heterozygous
comparison, dominant and recessive genetic model. It was found that T allele carrier was significantly associated with
increased TB risk (T vs. C: p-value =0.023; OR=1.305, 95% Cl=1.038 to 1.640). Similarly, homozygous mutant TT genotype
also revealed 1.6 fold increased risk of TB (TT vs. CC; p-value =0.040; OR=1.652, 95% Cl=1.023 to 2.667). Additionally,
dominant genetic model demonstrated increased risk of developing TB (TT vs. CC+CT: p-value =0.006; OR=1.585, 95%
Cl=1.142 to 2.201). The study demonstrates that CD14 gene (—159 C>T) polymorphism contributes increased susceptibility
for TB. Moreover, this meta-analysis also suggests for future larger studies with stratified case control population and
biological characterization for validation studies.
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Introduction

Tuberculosis (ITB) is an infectious disease, remains a major
public health concern and leading cause of morbidity and
mortality across the globe. According to the World Health
Organization (WHO), approximately 2 million people die
annually due to tuberculosis [1]. It is estimated that approximately
one-third of the world’s population is infected with Mycobacterium
tuberculosis (MTB), the causative agent of tuberculosis, among them
only 10% develop clinical disease [2]. This has maintained interest
in that there is an inter-individual heterogeneity in host
susceptibility for TB. Increasing evidences suggested that genetic
variants might contribute to the underlying pathophysiology of TB
at the individual level [3,4], although the exact mechanism is still
unclear.

CD14 is a key pattern recognition receptor involved in the
innate immune response and renowned co-receptor for numerous
microbial products and other bacterial wall-derived components
[5,6]. CD14 has several other functions, including the clearance of
apoptotic cells as it is constitutively expressed, primarily on the
surface of monocytes, macrophages, and neutrophil [7,8]. CD14
exists in both membrane-bound (mCD14) and soluble forms
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(sCD14). Soluble CD14 (sCD14) is present in the circulation and
other body fluids, and its level increases in serum plasma during
inflammation and other infectious diseases [9,10]. Similar is the
case of TB, where increased level of CD14 has been reported in
TB patients [11].

A polymorphism C>T identified on the —159 position of
promoter region of CD14 gene and found to be linked with
increased transcriptional activity that affects expression level of
CD14 [12]. Given the functional significance of this genetic
variant, a number of case-control studies have been done in
different populations to investigate its susceptibility towards TB,
but the findings remain conflicting rather than conclusive [13-18].
Inconsistencies in results can be attributed in terms of sample size
and ethnic diversity, and individual studies might lack sufficient
strength and recognition to achieve a comprehensive and reliable
conclusion. Meta-analysis is a significant tool for analyzing
cumulative data from studies where individual sample sizes are
small and represent lower statistical power [19,20]. Hence, a
quantitative synthesis may provide more clear evidence on the
association of such genetic polymorphisms with TB. In view of
above we conducted a meta-analysis study based on published
research articles to make a more comprehensive and compelling
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evaluation of the connection between —159 C>T' polymorphism
and TB risk.

Materials and Methods

Identification and Eligibility of Relevant Studies

We performed a PubMed (Medline) and EMBASE search
covering all research articles published with a combination of the
following key words: ‘CD14 gene or CD14 polymorphisms’ and
“Tuberculosis’ (last updated on February, 2013). We evaluated
potentially relevant genetic association studies by examining their
titles and abstracts, and all published studies matching with the
eligible criteria were retrieved.

Inclusion and Exclusion Criteria

In order to minimize heterogeneity and facilitate the appropri-
ate interpretation and understanding of the findings, studies
included in the current meta-analysis had to meet the following
criteria: a) evaluation of CD14 —159 C>T polymorphism and TB
risk, b) use of case-control design, c) recruitment of pathologically
confirmed TB patients and TB free controls, d) have available
genotype frequency in cases and controls, e) the articles must be
published in English language. Among the retrieved articles, if any
of the case-control study was included by more than one article
using the same case series, we selected the study that included the
largest number of individuals. The major reasons for exclusion of
the studies were, [i] overlapping data, and [ii] case-reports and
review articles.

Data Extraction and Quality Assessment

For each research publication, the methodological quality
assessment and data extraction was independently abstracted in
duplicate by two independent investigators using a standard
protocol and data-collection form according to the inclusion
criteria listed above to ensure the accuracy and consistency of the
data. In case of disagreement on any item of the data, the problem
was fully discussed in order to reach a mutual consensus.
Characteristics abstracted from the studies included the first
author’s name, year of publication, country of origin, sources of
cases and controls, number of cases and controls, type of study,
and genotype frequencies.

Statistical Analysis

Meta-analysis is a unique technique which merges outcomes of
independent similar type of studies and derives a definitive
conclusion for wider applications [19,20]. The statistical analysis
for the present study was done by using the (CMA) V2 meta-
analysis comprehensive software (Biostat, USA). Meta-analysis
program CMA V2 has some advantages over other programs
currently available in a market for computing meta-analysis study
(http://www.meta-analysis.com/pages/comparisons.html). ~ We
calculated the ORs and corresponding 95% CI values, to evaluate
the association between CD14 —159 C>T polymorphism and TB
risk. Basically, heterogeneity in meta-analysis refers to the
variations in outcomes between different studies. Hence, hetero-
geneity assumption was checked by the chi-square based Q-test
[21], p-value >0.05 for the Q-test indicated a lack of heterogeneity
among the studies. The pooled ORs were calculated either by the
fixed effects model (Mantel-Haenszel method) [22] or the random-
effects model (Der Simonian and Laird) [23]. Additionally, I?
statistics was employed to quantify inter-study variability. It was in
range of 0% to 100%, where a value of 0% indicated no observed
heterogeneity, and higher values signified an increasing degree of
heterogeneity [22]. Hardy-Weinberg equilibrium (HWE) in the
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control group was measured by chi-square test and significance
level was maintained at p-value <0.05. Publication bias was
examined through visual inspection of the funnel plots in which
the standard error of log (OR) of each study had been plotted
against its own log (OR), for i.e., an asymmetric plot indicated a
possible publication bias [24,25]. Funnel plot asymmetry was
evaluated by Egger’s linear regression test, which is a linear
regression approach for the measurement of funnel plot asymme-
try on the natural logarithmic scale of the OR [20,26]. The
significance of the intercept was determined by the t-test (p-value
<0.05 was considered as a representation of statistically significant
publication bias) [19].

Results

Characteristics of Published Studies

A total number of forty (N = 40) research articles were retrieved
through literature search from the PubMed (Medline) and
EMBASE web portals/databases (Figure S1). All retrieved articles
were examined by reading the titles and abstracts, and full texts for
the potentially relevant publications were further checked for their
suitability of incorporation in this meta-analysis. Besides the
database search, the references listed in the retrieved articles were
also screened for other potential articles. Studies either using
CD14 polymorphism to predict survival in TB patients or
considering CD14 variants as indicators for response to therapy
were excluded. Moreover, studies based on investigation of the
levels of CD14 mRNA or protein expression or review articles
were also excluded. We included only case-control or cohort
design studies showing frequency of all three genotypes. After
careful screening and following the inclusion and exclusion
criteria, we found seven (N =7) eligible original published studies
and included in this meta-analysis (Table 1). The distribution of
genotypes in the controls did not deviate from HWE (Table 2).

Publication Bias

Begg’s funnel plot and Egger’s linear regression test were
performed to assess the publication bias in the reports included for
meta-analysis [20,26]. The shape of funnel plots and Egger’s test
did not show any evidence of publication bias (Table 3).

Test of Heterogeneity

Heterogeneity among selected published studies was examined
by Q-test and I? statistics and their outcomes have been shown in
Table 3. Heterogeneity was observed in all the models, thus
random effect model was used for calculation of combined OR

and 95% CI [23].

Meta-analysis Results

All the seven studies were pooled together which resulted into
1389 TB cases and 1421 controls, and meta-analysis was
performed using random effects model (based on heterogeneity
test) to assess the overall association of CD14 —159 C>T
polymorphism with TB risk. The variant T allele demonstrated
significant association with the risk of developing TB in terms of
frequency in comparison with wild allele (T vs. C: p-value = 0.023;
OR =1.305, 95% CI=1.038 to 1.640). Similarly, homozygous
mutant genotype TT also showed increased risk of TB as
compared with the wild type homozygous CC genotype (TT vs.
CC; p-value = 0.040; OR =1.652, 95% CI=1.023 to 2.667). In
addition, analysis of the dominant genetic model revealed 1.5 fold
increased risk of developing TB (T'T vs. CC+C'T: p-value = 0.006;
OR =1.585, 95% CI=1.142 to 2.201) (Figure 1). Whereas,
heterozygous genotype CT (CT wvs. CC: p-value=0.767;
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Table 1. Main characteristics of all seven studies included in a meta-analysis.

Authors Year Country of origin Study design Genotyping method Cases Controls
Alavi-Naini et al.,, 2012 [13] 2012 Iran HB ARMS PCR 120 131
Ayaslioglu et al.,, 2012 [14] 2012 Turkey HB PCR-RFLP 88 116
Zhao et al., 2012 [15] 2012 China HB PCR-Sequencing 410 404
Kang et al., 2009 [16] 2009 Korea HB PCR-RFLP 274 422
Rosas-Taraco et al.,, 2007 [11] 2007 Mexico HB PCR-RFLP 104 114
Druszczynska et al., 2006 [17] 2006 Poland HB PCR-RFLP 126 122
Pacheco et al., 2004 [18] 2004 USA HB PCR-RFLP 267 112

Note: HB = Hospital based.
doi:10.1371/journal.pone.0064747.t001

OR=1.047, 95% CI=0.772 to 1.420) and recessive model
(T'T+CT vs. CC: p-value = 0.194; OR =1.245, 95% CI=0.894 to
1.734) failed to demonstrate significant increase in risk of
developing TB as compared to CC genotype (Figure 2).

Discussion

It is well established that TB susceptibility is determined not
only by the infectious agent and environmental factors but also by
the host genetic factors [27]. Therefore, a number of candidate
genes have been investigated to assess the possible association
between modulations of TB risk across different population. In the
present study, we performed a meta-analysis to examine the
relationship between the —159 C>T variant in the promoter
region of the CD14 gene with the risk of TB. The purpose of this
study was to summarize the collected data from seven research
publications included in this study and assess, whether any
association exists between CD14 —159 C>T polymorphism and
TB risk or not.

CD14 signaling contributes a part of host response to
intracellular bacterial pathogens, such as MTB; and increased
sCD14 levels in serum and bronchoalveolar lavage fluid of patients
with active TB have been well documented [28,29], and this
enhanced sCDI14 level mediates the pathogen-induced cell
activation of cells lacking membranous CD14 (mCD14) [30]. In
view of the functional relevance of CD14 signaling in MTB, it is
conceivable that functional variants in the promoter region of
CD14 may influence the pathogenesis of TB. The cellular and

subcellular level functional studies have also revealed that CD14
—159 C>T promoter polymorphism influences the binding of the
Specificity protein (Spl and Sp3) transcription factors that regulate
the surface expression of CDI14 [12]. Here in this study,
individuals with CD14 —159 TT genotype had increased serum
sCD14 levels, which increases the inflammatory response [31,32].
Hence, we can speculate that CD14 —159 C>T polymorphism
could therefore be a genetic factor for inter-individual variations in
susceptibilities towards TB.

In the present analysis, we found an overall increase in TB risk
for the carriers of one or two allele variants as compared to wild
allele C and homozygous CC genotype. After stratification into
dominant and recessive genetic models, the dominant model (T'T
vs. GC+CT) showed increased (1.5 fold) risk of TB. However, the
influence and exact mechanism of CD14 expression levels on the
incidence of TB is still unclear. But it can be predicted that an up-
regulation of CD14 expression through MTB might help in
pathogenesis of TB by easing immune interactions with manno-
sylated lipoarabinomannan, which subsequently enhances the
production of transforming growth factor (TGF)-B and suppresses
the immune response [33]. Furthermore, ecarlier studies have
indicated that CD14 play a critical role in regulation of IgE
responses via promotion of Thl differentiation and suppression of
Th2-dependent IgE responses [34,35]. Pacheco et al. (2004)
pioneered to investigate the association between the TB risk and
CD14 —159 C>T polymorphism [18], thereafter, many studies
have been performed to further evaluate the association in
different ethnic groups; however the findings were varying and

Table 2. Distribution of gene polymorphism of studies included in a meta-analysis.
Authors, year and reference Control Case TB risk
Minor Minor HWE (p-

Genotype allele Genotype allele value)

cC CcT TT MAF CcC CcT TT MAF
Alavi-Naini et al.,, 2012 [13] 38 71 22 0.43 18 66 36 0.57 0.25 Significant association
Ayaslioglu et al,, 2012 [14] 15 59 42 0.61 16 43 29 0.57 0.41 No association
Zhao et al., 2012 [15] 76 208 120 0.55 75 149 186 0.63 0.39 Significant association
Kang et al., 2009 [16] 72 215 135 0.57 39 118 117 0.64 0.38 Significant association
Rosas-Taraco et al., 2007 [11] 37 63 14 0.39 16 51 37 0.60 0.10 Significant association
Druszczynska et al., 2006 [17] 48 59 19 0.38 38 59 25 0.44 0.90 No association
Pacheco et al., 2004 [18] 31 54 27 0.48 92 119 56 0.43 0.71 No association
doi:10.1371/journal.pone.0064747.t002
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Table 3. Statistics to test publication bias and heterogeneity in a meta-analysis.

’ . .
Compa"sons Egger S regression analy5|s

Heterogeneity analysis Model used for meta-analysis

95% Confidence

Intercept Interval p-value Q-value Pheterogeneity 12 (%)
Tvs. C —0.41 —8.38 to 7.55 0.89 2413 <0.0001 75.14 Random
TT vs. CC 1.19 —6.07 to 8.47 0.68 24.73 <0.0001 75.44 Random
CT vs. CC 3.00 —2.59 to 8.59 0.22 12.72 0.04 52.86 Random
TT+CT vs. CC 2.03 —4.85 to 8.91 0.48 16.92 0.01 64.54 Random
TT vs. CC+CT —0.60 —6.22 to 5.00 0.79 19.59 0.003 69.38 Random

doi:10.1371/journal.pone.0064747.t003

contradictory. Our meta-analysis suggests significant association of
CD14 —159 C>T polymorphism with the increased risk of
developing TB. Nevertheless, the etiology of TB is polygenic in
nature and a single genetic variant is typically inadequate to
forecast the risk of this infectious disease. Also, the major
characteristic of CD14 gene —159 C>T polymorphism is that
its incidence is varying substantially between different races or
ethnicities. In this meta-analysis we found inter-study heterogene-
ity for CD14 —159 C>T polymorphism, which was probably due
to various factors, such as, ethnicity, and allele and genotype
distributions for —159 C>T locus. This study has several
limitations which need to be addressed in future studies, for e.g.,

TvsC
Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Alavi-Naini et al. 2012 1.729 1.214 2.463 3.036 0.002
Ayaslioglu et al. 2012 0.838 0.562 1.249 -0.867 0.386
Zhao et al. 2012 1.400 1.148 1.708 3.321 0.001
Kang et al. 2009 1.329 1.065 1.659 2.517 0.012
Rosas-Taraco et al. 2007 2.267 1.545 3.328 4.181 0.000
Druszczynska et al. 2006 1.290 0.902 1.845 1.395 0.163
Pacheco et al. 2004 0.819 0.599 1.120 -1.251 0.211
Combined 1.305 1.038 1.640 2.281 0.023
TT vs CcC
Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Alavi-Naini et al. 2012 3.455 1.596 7.475 3.148 0.002
Ayaslioglu et al. 2012 0.647 0.277 1.512 -1.004 0.315
Zhao et al. 2012 1.571 1.060 2.327 2.252 0.024
Kang et al. 2009 1.600 1.008 2.539 1.995 0.046
Rosas-Taraco et al. 2007 6.112 2.613 14.296 4.175 0.000
Druszczynska et al. 2006 1.662 0.799 3.458 1.359 0.174
Pacheco et al. 2004 0.699 0.378 1.291 -1.144 0.252
Combined 1.652 1.023 2.667 2.052 0.040
TT vs CC+CT
Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Alavi-Naini et al. 2012 2.123 1.163 3.876 2.452 0.014
Ayaslioglu et al. 2012 0.866 0.483 1.553 -0.483 0.629
Zhao et al. 2012 1.965 1.472 2.623 4.587 0.000
Kang et al. 2009 1.584 1.156 2.171 2.864 0.004
Rosas-Taraco et al. 2007 3.945 1.982 7.852 3.907 0.000
Druszczynska et al. 2006 1.451 0.753 2.799 1412 0.266
Pacheco et al. 2004 0.836 0.495 1.411 -0.672 0.501
Combined 1.585 1.142 2.201 2.752 0.006

our assessment was based on relatively fewer studies possibly due
to the fact that the papers included in our meta-analysis were
limited to those published in English only. Further, due to limited
number of reports we failed to re-analyze the association of CD14
—159 C>T polymorphism with increase TB risk in different
ethnic populations.

Conclusion

In conclusion, our meta-analysis results suggest that —159 C>T
polymorphism in the CD14 promoter could be employed as new
risk factor for TB. Future well designed large studies incorporated
with environmental factors might be necessary to validate this
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Figure 1. Forest plots (C vs. T; TT vs. CC; TT vs. CC+CT) of CD14 —159 C>T polymorphism in association with TB risk. A meta-analysis
was performed including previous reports by comprehensive meta-analysis program. Random model of meta-analysis was employed for calculation

of the combined odds ratios and p-values.
doi:10.1371/journal.pone.0064747.g001
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CTvsCC
Stu name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value

Alavi-Naini et al. 2012 1.962 1.021 3.772 2.023 0.043
Ayaslioglu et al. 2012 0.683 0.305 1.531 -0.925 0.355
Zhao et al. 2012 0.726 0495 1.064 -1.643 0.100

Kang et al. 2009 1.013 0.646 1.589 0.057 0.954

Rosas-Taraco et al. 2007 1.872 0.936 3.743 1.773 0.076

Druszczynska et al. 2006 1.263 0.723 2.207 0.821 0.412

Pacheco et al. 2004 0.743 0.442 1.247 -1.125 0.261

Combined 1.047 0.772 1.420 0.296 0.767
TT+CT vs CC
Study name Statistics for each study

Odds Lower Upper
ratio limit limit Z-Value p-Value

Alavi-Naini et al. 2012 2.315 1.237 4.336 2.623 0.009
Ayaslioglu et al. 2012 0.668 0.311 1.438 -1.030 0.303
Zhao et al. 2012 1.035 0.727 1.474 0.191 0.849
Kang et al. 2009 1.240 0.812 1.893 0.994 0.320
Rosas-Taraco et al. 2007 2.643 1.364 5.121 2.880 0.004
Druszczynska et al. 2006 1.360 0.804 2301 1.148 0.251
Pacheco et al. 2004 0.728 0.448 1.182 -1.283 0.199

Combined 1.245 0894 1.734 1.298 0.194
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Figure 2. Forest plots (CT vs. CC; TT+CT vs. CC) of CD14 —159 C>T polymorphism in association with TB risk. A meta-analysis was
performed including previous reports by comprehensive meta-analysis program. Random model of meta-analysis was employed for calculation of

the combined odds ratios and p-values.
doi:10.1371/journal.pone.0064747.9002

association in different populations in order to deduce the
susceptibility of TB. Such studies might eventually lead to a better
and more comprehensive understanding of the association
between the CD14 —159 C>T polymorphism and TB risk.

Supporting Information

Figure S1 PRISMA 2009 Flow Diagram.
(DOC)

Checklist S PRISMA 2009 Checklist.
DOC)
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