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Abstract

Background: Toll-like receptors play a substantial role in innate immunity and the
effects of TLR4 genetic variants on cardiovascular diseases are still largely unknown.
Therefore, we aimed to investigate the effects of TLR4 polymorphisms on cardiovas-
cular diseases risk in the Saudi population.

Methods: Three tag single-nucleotide polymorphisms (rs2770150, rs10759931, and
1s4986790) in TLR4 were studied on 222 unrelated patients with cardiovascular dis-
eases and 190 healthy volunteers.

Results: We found that, in patients over 60 years old, the frequency of the TT geno-
type in rs2770150 and the variant allele G in rs10759931 were higher compared to
the control group. Based on gender, the genotype frequency of rs2770150 increases
the risk for cardiovascular diseases in female patients by 3.6-fold. The allele fre-
quency for the G allele of 110759931 increased the risk for CVDs in male patients
by more than 1.5-fold. Furthermore, the genotype frequency of rs2770150 had a
significant association with cardiovascular diseases in patients without hypertension
and G allele of rs10759931 significantly increased the risk of cardiovascular diseases
in patients that smoked. After Bonferroni correction only patients without hyperten-
sion showed significant risk of CVD with rs2770150.

Conclusion: A deeper understanding of the genetic variability of TLR4 will enable
us to better identification of biomarkers for early detection and prognosis, and also

enhance the decision-making process of treatments for cardiovascular diseases.
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1 | INTRODUCTION
Cardiovascular diseases (CVDs) are one of the most com-
mon diseases that result in mortality in the western world,
which represents 31% of deaths worldwide. Various factors
such as genetics, tobacco use, diet, exercise, and metab-
olism have been identified and studied in the context of
CVDs; however, the complete picture for the pathogenesis
of CVDs remain unclear (Gibson et al., 2004). It is cru-
cial to understand the cellular and molecular mechanisms
and genetic risk factors involved in CVDs. Considerable
evidence have indicated that the deregulation of the innate
immune system may increase the risk for CVDs (Abboud,
Harwani, & Chapleau, 2012; Coutinho & Chapman, 2011;
Mann, 2011; Yang et al., 2008). However, it has been
shown that the heart possesses a powerful innate immune
system that is able to delimit tissue injuries, as well as or-
chestrate homoeostatic responses within the heart (Mann,
2011). Furthermore, this innate immune system is at least
in part mediated by a family of Toll-like receptors (TLRs),
and is considered the first line of defense against foreign
pathogens by responding to signals that are induced by mi-
crobial infections or endogenous in origin (Lin, Freedman,
& Beaulieu, 2009). CVDs are a complex disorder involving
several pathophysiological processes such as the activation
of TLRs, which are germline-encoded receptors that recog-
nize exogenous as well as tissue-derived molecular signals
that promote inflammation. Additionally, TLRs are found
in various tissues and cell types including cardiomyocytes,
vascular smooth muscle, and endothelial cells (Spirig,
Tsui, & Shaw, 2012). Ten TLRs have been characterized in
humans, and each one of them recognizes ligands that cre-
ate unique responses depending on the context. TLRs could
act as key regulators involved in immune system activation,
cardiovascular disease progression, and chronic inflamma-
tion (Spirig et al., 2012) and are one of the best character-
ized pathogen recognition receptors. This receptor consists
of an extracellular leucine-rich repeat domain, a transmem-
brane domain, and an intracellular Toll/interleukin-1 (IL-1)
receptor (TIR) domain. The signaling pathway of TLR4 is
vital because it is capable of recruiting all four known TIR-
containing adaptor molecules (Vogel, Fitzgerald, & Fenton,
2003). TLR4 signaling can be initiated by the binding of
pathogen-associated molecular patterns and also by bind-
ing putative endogenous ligands created during inflam-
mation and tissue injury (Noreen et al., 2012). Exogenous
ligands of this receptor include lipopolysaccharides (LPSs)
of Gram-negative bacteria (Takeda & Akira, 2005), solu-
ble components of Mycobacterium tuberculosis, and man-
na's from fungal pathogens, whereas endogenous ligands
include a number of heat shock proteins and fibronectin
(Noreen et al., 2012). The binding of exogenous or endog-
enous ligands to TLR4 initiates the induction of a signal

transduction cascade. TLR4 also cooperates with myeloid
differentiation protein-2, LPS-binding protein, and clus-
ter of differentiation 14 to mediate the innate immune re-
sponse to bacterial LPS (Zou et al., 2015). Two pathways
have been identified for TLR4 signaling. The first pathway
is dependent on myeloid differentiation primary response
gene 88 (MyD88). Activation of this pathway leads to the
activation of the mitogen-activated protein kinase cascade
and nuclear factor kappa B, which induces the expression
of proinflammatory cytokines. In contrast, the initiation
of the MyD88-independent pathway results in the activa-
tion of interferon (IFN) regulatory factor 3, IFN-inducible
genes, and the expression of IFN-p (Lu, Yeh, & Ohashi,
2008; Werling & Jungi, 2003). TLR signaling in vivo can
be impaired due to the presence of single-nucleotide poly-
morphisms (SNPs) within the TLR genes, thus altering
the susceptibility to viral infections, fungal and bacterial
allergic diseases (Schroder & Schumann, 2005), inflam-
mation, and cancers (Medvedev, 2013). Previous studies
of SNPs in TLRs demonstrated that TLRs are involved in
the development and progression of diseases such as ath-
erosclerosis, cardiac dysfunction in sepsis, and congestive
heart failure (Frantz, Ertl, & Bauersachs, 2007). A num-
ber of synonymous and nonsynonymous SNPs have been
identified in the promoter and coding regions of TLR4.
SNPs in these regions are associated with infectious and
inflammatory diseases such as Gram-negative infections,
sepsis, RSV bronchiolitis, and inflammatory bowel dis-
ease (Medvedev, 2013). Likewise, SNPs in these regions
of TLR4 have also been linked to an increased incidence of
several diseases such as colon (Semlali et al., 2016), breast
(Theodoropoulos et al., 2012), prostate, cervical cancer
(2011), and cardiovascular disease (Eisler et al., 2011; Liu
et al., 2015). Previous studies have also shown a possible
association between the TLR4-Asp299Gly polymorphism
and cardiovascular diseases. Kolek et al. (2004) showed
that the TLR4-Asp299Gly polymorphism was associ-
ated with reductions in vascular inflammation and angio-
graphic coronary artery disease (CAD; Kolek et al., 2004).
Similarly, two studies by Ameziane et al. and Balisteri et al.
confirmed an association between the TLR4-Asp299Gly
polymorphism with a lower risk for acute coronary events
independent of known coronary risk factors (Ameziane et
al., 2003; Balistreri et al., 2004). In contrast, others have
shown that there is no association between the TLR4-
Asp299Gly polymorphism with coronary artery stenosis
(Yang, Holloway, & Ye, 2003) or cerebral ischemia (Guven
et al., 2015; Reismann et al., 2004). The rs4986790 SNP
in TLR4 has been shown to have little evidence of associa-
tion between the Asp299Gly gene polymorphism and risks
for incident myocardial infarction (Zee, Hegener, Gould,
& Ridker, 2005) whereas the rs2770150 and rs10759931
SNPs have not been associated with cardiovascular disease.
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Therefore, the current study is the first to investigate the
effects of three TLR4 SNPs (rs4986790, rs2770150, and
rs10759931) on the risk for CVDs in the Saudi population.

2 | MATERIALS AND METHODS
2.1 | Patient population and ethics
statement

The study cohort included 416 individuals, which consisted
of 226 patients clinically hospitalized for CVDs at King
Khalid University Hospital (KKUH) in Riyadh, Kingdom
of Saudi Arabia (KSA), and a control group of 190 healthy
age- and sex-matched blood donors. Their ethnicities were
verified, since parents and grandparents of the patients and
controls were born in Saudi Arabia. The study protocol
was reviewed and approved by the local ethic committee
from KKUH, and all study patients gave their written in-
formed consent. A baseline questionnaire was performed
to gather information on age, demographics, sex, clini-
cal features (e.g., disease duration), and behavioral (e.g.,
smoking) factors. Hypertension and hypotension events
and pharmacological treatments were also collected in the
questionnaire and then confirmed by medical records, and
all of the clinical data are summarized in Table 1. All Saudi
patients included in this study did not suffer from any other
diseases or other known pathologies, and have no family
history of CVDs. This study is conform to the principles
outlined in the Declaration of Helsinki. The mean age of
the study population was 61.77 + 10.33 years for the pa-
tients with CVDs and 59.35 + 6.37 years for the healthy

TABLE 1 Demographic characteristics of the cardiovascular
disease (CVD) patients and control samples
CVD group Controls
Characteristic n =226 (%) n =190 (%)
Age, years 61.77 +10.33 59.35 +6.37
Gender
Male 154 (68.14%) 100 (52.63%)
Female 72 (31.86%) 90 (47.37%)
FBS, mmol/L 8.06 +3.4 —
TG, mmol/L 1.86 + 1.19 —
TC, mmol/L 4.16 £ 0.98 -
HDL-¢, mmol/L 1.15 + 0.94 —
LDL-c, mmol/L 2.37 +0.84 —
Smoking 90 (39.82%) 86 (45.26%)
Nonsmoker 136 (60,18%) 104 (54.74%)
Hyper and hypoten- 166 (73.45%) —
sion events 60 (92.55%)

Yes = 155 (68.58%) No treatments

No =71 (31.42%)

Pharmacological
treatments

: : . 3of15
Molecular Genetics & Genomic Me,_Wl LEY

controls (Table 1). Approximately 4-5 ml of blood were
collected from each volunteer and immediately stored in
EDTA tubes at —80°C until they were used for genomic
DNA extraction.

2.2 | DNA extraction

Blood DNA extraction was performed as previously de-
scribed (Kohailan et al., 2016; Semlali, Parine, et al., 2017;
Semlali et al., 2016). Genomic DNA was extracted from the
blood samples with the QIAamp DNA Mini Kit (Qiagen)
based on the manufacturer's instructions. For each blood sam-
ple, 4 ml of the sample was equilibrated at room temperature,
mixed with protease and lysis buffer, and incubated at 56°C
for 10 min. An equal volume of 70% absolute ethanol was
added to each sample, mixed, and then passed through the
column via centrifugation. The column was then washed with
2 ml of buffer AW1 and then 2 ml of buffer AW2 to ensure
complete drying. Finally, the extracted DNA was eluted with
100 pl of the elution buffer (AE). A NanoDrop spectrometer
was used to estimate the DNA concentration and purity using
the A260/A280 ratio.

2.3 | Choice of SNPs

Recently, our studies and others have identified three SNPs
in TLR4, including rs2770150, rs10759931, and rs4986790
that were associated with colon and breast cancer in the Saudi
population (Semlali, Jalouli, et al., 2017; Semlali et al., 2016).
These SNPs were selected based on the HapMap database
(http://www.hapmap.org) due to their functional properties.
Furthermore, these SNPs are located in the regulatory region
of TLR4 in the 5'UTR, promoter region, and exon-coding re-
gion, respectively (Table S1).

2.4 | Genotyping assay

Genotyping for the TLR4 SNPs was performed in a 96-well
plate by using a TaqMan allelic discrimination assay as
previously described (Alanazi et al., 2013; Kohailan et al.,
2016; Semlali, Parine, et al., 2017; Semlali et al., 2016)
and by using the TaqMan® SNP Genotyping Assay from
Applied Biosystems according to the manufacturer's protocol
(Semlali, Parine, et al., 2017; Semlali et al., 2016). Briefly,
the amplification was performed in a final reaction volume
of 10 pl containing 20 ng of genomic DNA, 5.6 pl of 2X
Universal Genotyping Master Mix, and 200 nM of each
primer. The allelic discrimination was performed on the ABI
7500 real-time PCR machine (Applied Biosystems). The fol-
lowing amplification cycle conditions were used: 60°C for
30 s and 95°C for 10 min, followed by 40 cycles of 95°C
for 15 s, 60°C for 1 min, and a postread stage of 60°C for
30 s. To verify the genotyping procedures, 5% of the samples
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selected were genotyped in duplicates a repeat analysis was
performed for quality control.

2.5 | Statistical analysis

Genotype frequencies were tested according to the Hardy—
Weinberg equilibrium exact test. Significant differences in fre-
quencies between the controls were calculated using the j* test
with Yates corrections. Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated with the Fisher's exact test (two-
tailed) to evaluate the disease risk. The Statistical Package for
the Social Sciences 16.0 software for Windows was used for the
statistical analysis. We considered p < .05 as significant. Finally,
Bonferroni's correction was applied for multiple comparisons.
3 | RESULTS

3.1 | Analysis of clinical characteristics
and identification of a combined CVD risk
genotype related to the three TLR4 SNPs in
Saudi patients

The detailed clinical characteristics of the 226 cases of CVDs
and 190 matched controls, including age, sex, ethnic, family
history, smoking habits, and pharmacological treatments are
shown in Table 1. Of the patients with CVDs, 68.14% were
males and 31.56% were females, whereas 52.63% were males
and 47.37% were females in the control group. The ratio of
males to females was not considerably dissimilar between the

cases and controls. It should be noted that the ethnic distri-
bution was 100% Saudi Arabia for all study subjects. The
mean age of the study cohort was 61.77 + 10.33 years and
59.35 + 6.37 years for patients with CVDs and healthy sub-
jects, respectively. The difference in the mean age between
the two groups was not significant (p > .05).

To investigate the key role of TLR4 polymorphisms in the
pathophysiology of CVDs, we compared the allele frequencies
of three selected SNPs between patients with CVD and healthy
controls. The distribution of alleles and genotypes with OR and
significances as well as the association analysis are reported
in Table 2. Hardy—Weinberg equilibrium was used to measure
the genotype frequencies in all SNPs including rs2770150 T/C
(or C/T), 1s4986790 A/G, and rs1075993 A/G. The homozy-
gous ancestral allele was used as a reference to determine the
possible risk of acquiring CVDs associated with the other two
genotypes. Of the three SNPs in 7LR4 that were analyzed, no
statistically significant associations between these SNPs and
patients with CVDs were found (Table 2). However, the distri-
bution of genotype frequencies of rs2770150, rs10759931, and
rs4986790 was not statistically significant between the cases
of CVD and controls (p =.70881, p =.35100, and p = .78247,
respectively). The TT genotype of rs2770150 was found at a
lower frequency in cases of CVDs (0.17) compared to controls
(0.11) as well as a 1.6-fold increased risk against cardiovascu-
lar diseases (Table 2). For rs4986790, the distribution of gen-
otype and allele frequencies between the patients with CVDs
and healthy controls were similar (Table 2), which was similar
to that of the GG and AG genotypes of rs4986790.

TABLE 2  Genotype frequencies of TLR-4 gene polymorphism in cardiovascular and controls

Gene SNP ID Genotype Cardiovascular
TLR-4 1rs2770150 CcC 100 (0.45)
CT 85 (0.38)
TT 37(0.17)
CT+TT 122 (0.55)
C 285 (0.64)
T 159 (0.36)
TLR-4 rs4986790 AA 187 (0.85)
AG 30 (0.14)
GG 0 (0.00)
AG + GG 30 (0.14)
A 404 (0.92)
G 30 (0.07)
TLR-4 rs10759931 AA 13 (0.06)
AG 69 (0.31)
GG 137 (0.63)
AG + GG 206 (0.94)
A 95 (0.22)
G 343 (0.78)

*p < .05.

Controls OR 95% CI x*-value p*-value
88 (0.47) Ref
81(0.42) 0.923 0.608-1.403 0.14 70881
20 (0.11) 1.628 0.880-3.011 2.44 .11845
101 (0.53) 1.063 0.720-1.569 0.09 75852
257 (0.68) Ref
121 (0.32) 1.185 1.31 1.31 25188
166 (0.87) Ref
20 (0.11) 1.332 0.728-2.434 0.87 .35100
1(0.01) 0.296 0.012-7.316 1.12 .28929
21(0.12) 1.268 0.699-2.300 0.61 43359
352 (0.92) Ref
22 (0.06) 1.188 0.673-2.098 0.35 .55186
15 (0.08) Ref
71 (0.38) 1.121 0.497-2.529 0.08 78247
100 (0.54) 1.581 0.720-3.470 1.32 .25066
171 (0.92) 1.390 0.644-3.002 0.71 40011
101 (0.27) Ref
271 (0.73) 1.346 0.975-1.857 3.27 .07053
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3.2 | Association between TLR4
SNPs and the risk for developing CVDs based
on age at disease diagnosis and gender

We investigated whether there was an association between
the TLR4 SNPs rs2770150, rs10759931, and rs4986790 with
the age at which CVDs were diagnosed. The patients were
stratified into two groups based on the median age at the time
of disease diagnosis. The first group consisted of patients less
than 60 years of age (n = 127) and the second group con-
sisted of patients older than 60 years of age (n = 95). The
genotype and allele frequencies were compared to the age-
matched controls and the results are reported in (Table 3).

Individuals with the TT genotype compared to the CC
genotype in rs2770150 were at a significantly higher risk
(2.38-fold) of developing CVDs, but only in patients over
60 years of age (Table 3A,B). The TT genotype frequency
in rs2770150 was higher in patients with CVDs (24%) com-
pared to the control (12%; OR = 2.381, 95% CI = 1.021-
5.552, and p = .04201). Additionally, the genotype and allele
frequencies between the patients with CVDs and the healthy
controls were almost similar for rs4986790 in both groups.
For rs10759931, our analysis showed that the allele frequen-
cies of the G allele increases the risk for developing CVD in
patient more than 60 years old by 1.7-fold, where the G allele
frequency was 82% in patients with CVDs compared to 72%
in healthy controls (OR = 1.782, 95% CI = 1.092-2.915, and
p =.01994; Table 3B). This result suggested that the minor G
allele significantly increases the risk for CVDs (Table 3A,B).
After Bonferroni correction variable age did not showed any
significant risk of CVD with any SNP.

The prevalence of genotype and allele frequencies of
the three SNPs in TLR4 was then examined with regards
to gender (Table 4). In the male population, individuals
with the G allele of rs10759931 had a 1.5-fold increased
risk for developing CVDs (OR = 1.0559, 95% CI = 1.031-
2.358, p = 0.03454). However, in the female population,
the G allele frequency was similar between patients with
CVDs (78%) and health controls (76%; Table 4A,B).
This suggests that the minor G allele confers a significant
higher risk for developing CVDs in the Saudi population.
Furthermore, the GG genotype was not associated with the
gender in patients with CVDs (Table 4A). Conversely, in-
dividuals with the TT genotype of rs2770150 have a 3.6-
fold higher risk for developing CVDs when compared to
those with the CC genotype in the female population only
(males: OR = 0.996, 95% CI = 0.469-2.092, p = .97970;
females: OR = 3.639, 95% CI = 1.167-11.35, p = .02061).
Additionally, based on the genotype and allele frequencies,
rs4986790 did not show any association with the risk for
CVD susceptibility in both groups of the overall study pop-
ulation (Table 4A,B). After Bonferroni correction variable
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gender did not showed any significant risk of CVD with
any SNP.

3.3 | Association between TLR4

SNPs and risk of developing cardiovascular
diseases in the Saudi population based on
hypertension events and behavioral factors at
disease diagnosis

We investigated the risk for predisposition to CVDs in asso-
ciation with the three SNPs in TLR4 in the Saudi population
based on hypertension events and smoking conditions. The
comparisons of genotype and allelic frequencies in the CVD
group and the healthy populations are presented in Tables
5 and 6. Of the three SNPs in 7LR that were analyzed, a
statistically significant association with the risk for CVDs
was observed for rs2770150 only in patients with CVDs
without hypertension. The TT genotype frequency was 26%
in patients with CVDs without hypertension and 11% in
healthy controls. Nonetheless, it was noted that the geno-
type and allele frequencies were not affected by hyperten-
sion events in cases of CVDs. The genotypes of rs4986790
and rs10759931 did not show any predisposition to CVDs in
patients with regards to hypertension (Table 5SA,B).

Furthermore, the prevalence of genotype and allelic fre-
quencies of the three SNPs in TLR4 were examined with re-
gards to smoking in patients with CVDs and healthy controls
(Table 6). Only rs10759931 showed an increased risk for
developing CVDs in patients that smoked. In patients with
CVDs that smoked, the G allele frequency of rs10759931 in-
creases the risk of developing CVDs by more than 1.5-fold
(OR = 1.557,95% CI = 1.004-2.413, and p = .04694; Table
6A). Furthermore, the TLR4 polymorphisms rs2770150 and
rs4986790 did not show any correlation to CVDs with re-
gards to smoking (Table 6A,B). After Bonferroni correction
only patients without hypertension showed significant risk
of CVD with 152770150, other SNPs did not showed any
association.

3.4 | Comparison of the genotypes
distribution for TLR4 SNPs between KSA
population and others populations

We have compared the studied genotypic distribution of
three TLR4 SNPs (rs2770150, rs4986790, and rs10759931)
in Saudi Arabian control population to others population
according to literature data available from the International
HapMap project (http://hapmap.ncbi.nlm.nih.gov/). Our
study showed that the genotypes frequency of TLR4
rs2770150, was highly different with p < .05 between our
study population (KSA) and the populations available from
the HapMap project (Table7), suggest that, TLR4 can to be
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TABLE 3 Genotype frequencies of TLR-4 gene polymorphism in cardiovascular and controls
Gene SNP ID Genotype Cardiovascular Controls OR 95% CI y’-value  p*-value
(A) Age below 60 years
TLR-4 rs2770150 CcC 64 (0.50) 47 (0.49) Ref
CT 49 (39) 40 (0.42) 0.900 0.513-1.579 0.14 71228
TT 14 (0.11) 9 (0.09) 1.142 0.456-2.861 0.08 77622
CT +TT 63 (0.50) 49 (0.51) 0.944 0.556-1.604 0.05 .83190
C 134 (0.70) Ref
T 77 (0.30) 58 (0.30) 1.005 0.668-1.511 0.00 .98064
TLR-4 rs4986790 AA 104 (0.85) 88 (0.91) Ref
AG 19 (0.15) 8(0.08) 2.010 0.839-4.813 2.52 11210
GG 0 (0.00) 0 (0.00) 0.847 0.017-43.119 0.001 1.00000
AG + GG 19 (0.15) 8(0.08) 2.010 0.839-4.813 2.52 11210
A 227 (0.92) 184 (0.95) Ref
G 19 (0.08) 8(0.04) 1.925 0.824-4.498 2.36 12460
TLR-4 rs10759931 AA 7 (0.06) 5 (0.05) Ref
AG 47 (0.38) 39 (0.41) 0.861 0.253-2.926 0.06 .81015
GG 71 (0.56) 50 (0.53) 1.014 0.304-3.379 0.00 98157
AG + GG 118 (0.94) 89 (0.94) 0.947 0.291-3.082 0.01 92797
A 61 (0.24) 49 (0.26) Ref
G 189 (0.76) 139 (0.74) 1.092 0.707-1.688 0.16 .69105
(B) Age above 60 years
TLR-4 rs2770150 CcC 36 (0.38) 41 (0.44) Ref
CT 36 (0.38) 41 (0.44) 1.000 0.531-1.883 0.00 1.000
TT 23 (0.24) 11 (0.12) 2.381 1.021-5.552 4.13 .04201"™
CT +TT 59 (0.62) 52 (0.56) 1.292 0.722-2.314 0.74 .38809
C 108 (0.56) 123 (0.66) Ref
T 82 (0.43) 63 (0.34) 1.482 0.976-2.251 3.42 .06435
TLR-4 rs4986790 AA 83 (0.88) 78 (0.85) Ref
AG 11 (0.11) 12 (0.14) 0.861 0.359-2.066 0.11 73804
GG 0 (0.00) 1(0.01) 0.313 0.013-7.807 1.06 .30386
AG + GG 11(0.11) 13 (0.15) 0.795 0.336-1.880 0.27 .60108
A 177 (0.94) 168 (0.92) Ref
G 11 (0.06) 14 (0.08) 0.746 0.329-1.689 0.50 48055
TLR-4 rs10759931 AA 6 (0.06) 10 (0.11) Ref
AG 22 (0.23) 32 (0.35) 1.146 0.363-3.613 0.05 .81622
GG 66 (0.70) 50 (0.54) 2.200 0.750-6.457 2.13 .14410
AG + GG 88 (0.93) 82 (0.89) 1.789 0.622-5.141 1.19 27525
A 34 (0.18) 52 (0.28) Ref
G 154 (0.82) 132 (0.72) 1.784 1.092-2.915 5.42 .01994™

ns = After Bonferroni correction p > .05.
*p < .05.

used as specific marker for CVDs diagnostic in this eth-
nic. However, the genotype frequency of TLR4 rs4986790
was similar in KSA population and European ancestry
(CEU), Yoruba in Ibadan, Nigeria (YRI), African ances-
try in Southwest USA (ASW), Gujarati Indians in Houston
(GIH), Luhya in Webuye, Kenya (LWK), Mexican ancestry

in Los Angeles (MEX), Maasai in Kinyawa, Kenya (MKK),
and Toscani in Italia (TSI). However, this frequency differs
for Han Chinese in Beijing, China (HCB), and Japanese in
Tokyo (JPT; Table7; p < .05). No comparison was done for
TLR4 1510759931 between KSA population and other popu-
lation because the TLR-4 SNP rs10759931 has no strong data
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TABLE 4 Genotype frequencies of TLR-4 gene polymorphism in cardiovascular and controls

Gene SNP ID Genotype Cardiovascular Controls OR 95% CI xz-value p*-value
(A) Based on gender (male)

TLR-4 rs2770150 CC 69 (0.45) 41 (0.41) Ref
CT 58 (0.38) 44 (0.44) 0.783 0.452-1.358 0.76 .38401
TT 25 (0.17) 15 (0.15) 0.990 0.469-2.092 0.000 97970
CT+TT 83 (0.55) 59 (0.59) 0.836 0.502-1.393 0.47 49133
c 196 (0.64) 126 (0.63)  Ref
T 108 (0.36) 74 (0.37) 0.938 0.647-1.360 0.11 73613
TLR-4 154986790 AA 129 (0.87) 89 (0.90) Ref
AG 19 (0.13) 9 (0.09) 1.457 0.630-3.366 0.78 .37698
GG 0 (0.00) 1(0.01) 0.230 0.009-5.719 1.44 23015
AG + GG 19 (0.13) 10 (0.10) 1.311 0.582-2.952 0.43 51259
A 277 (0.94) 187 (0.94)  Ref
G 19 (0.06) 11 (0.05) 1.166 0.542-2.507 0.16 .69377
TLR-4 rs10759931 AA 11 (0.07) 10 (0.10) Ref
AG 42 (0.28) 38 (0.40) 1.005 0.384-2.630 0.00 .99224
GG 96 (0.64) 49 (0.50) 1.781 0.708-4.482 1.53 .21603
AG + GG 138 (0.92) 87 (0.90) 1.442 0.588-3.538 0.64 42207
A 64 (0.21) 58 (0.30) Ref
G 234 (0.79) 136 (0.70) 1.559 1.031-2.358 4.47 .03454"™
(B) Based on gender (female)
TLR-4 rs2770150 CC 31 (0.44) 47 (0.53) Ref
CT 27 (0.39) 37 (0.42) 1.106 0.565-2.167 0.09 76815
TT 12 (0.17) 5(0.05) 3.639 1.167-11.350 5.36 .02061"
CT+TT 39 (0.56) 42 (0.47) 1.408 0.751-2.641 1.14 28587
c 89 (0.64) 131 (0.74)  Ref
T 51 (0.36) 47 (0.26) 1.597 0.989-2.579 3.69 .05463
TLR-4 154986790 AA 58 (0.84) 77 (0.86) Ref
AG 11 (0.16) 11 (0.13) 1.328 0.538-3.274 0.38 .53745
GG 0 (0.00) 0 (0.00) 1.325 0.026-67.752 nan 1.0000
AG + GG 11 (0.16) 11(0.13) 1.328 0.538-3.274 0.38 .53745
A 127 (0.92) 165(0.94)  Ref
G 11 (0.08) 11 (0.06) 1.299 0.546-3.092 0.35 55319
TLR-4 rs10759931 AA 2 (0.02) 5 (0.06) Ref
AG 27 (0.39) 33 (0.37) 2.045 0.367-11.387 0.69 40644
GG 41 (0.59) 51 (0.57) 2.010 0.371-10.898 0.68 41053
AG + GG 68 (0.98) 84 (0.94) 2.024 0.381-10.758 0.71 .39957
A 31(0.22) 43(024)  Ref
G 109 (0.78) 135 (0.76) 1.120 0.662-1.896 0.18 .67301
ns = After Bonferroni correction p > .05.
*p < .05.
available from the HapMap project, only low coverage panel 4 | DISCUSSION

data. Also, a comparison for regional linkage disequilibrium

plot for TLR4 SNPs was performed using SNPAnnotation Cardiovascular diseases are immune inflammatory diseases.
and Proxy Search (http://www.broadinstitute.org/mpg/snap/  TLRs play an important role in the innate immune system
ldplot.php) as shown in Figure 1. by regulating inflammatory reactions and activating adaptive
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TABLE 5 Genotype frequencies of TLR-4 gene polymorphism in cardiovascular and controls based on hyper-hypotension events

Gene SNP ID Genotype
(A) hypertension events
TLR-4  rs2770150 CcC
CT
TT
CT+TT

TLR-4 154986790 AA

TLR-4  rs10759931 AA

AG + GG

(B) No hypertension events
TLR-4  rs2770150 CcC
CT
TT
CT+TT

TLR-4  rs4986790 AA

TLR-4  rs10759931 AA

AG + GG
A
G

ns = After Bonferroni correction p > .05.
*After Bonferroni correction p < .05.

responses to eliminate harmful pathogens. A large number of
SNPs have been discovered in the genes of these receptors,
but the functional consequences in the majority of these SNPs
have not yet been revealed. Some associations between TLRs
polymorphisms and diseases have been previously reported

Cardiovascular

75 (0.46)
66 (0.41)
21 (0.13)
87 (0.54)
216 (0.67)
108 (0.33)
136 (0.86)
23 (0.14)
0 (0.00)
23 (0.14)
295 (0.93)
23 (0.07)
8 (0.05)
52(0.33)
99 (0.62)

151 (0.95)
68 (0.21)

250 (0.79)

25 (0.42)
19 (0.32)
16 (0.26)
35(0.58)
69 (0.58)
51 (0.42)
51 (0.88)

7(0.12)

0 (0.00)

7(0.12)
109 (0.94)

7 (0.06)

5(0.08)
17 (0.28)
38 (0.63)
55(0.91)
27 (0.23)
93 (0.77)

Controls

88 (0.47)
81 (0.42)
20 (0.11)
101 (0.53)
257 (0.68)
121 (0.32)
166 (0.87)
20 (0.11)

1(0.01)
21 (0.12)
352(0.92)
22 (0.06)
15 (0.08)
71 (0.38)
100 (0.54)
171 (0.92)
101 (0.27)
271 (0.73)

88 (0.47)
81 (0.42)
20 (0.11)
101 (0.53)
257 (0.68)
121 (0.32)
166 (0.87)
20 (0.11)

1(0.01)
21 (0.12)
352(0.92)
22 (0.06)
15 (0.08)
71 (0.38)
100 (0.54)
171 (0.92)
101 (0.27)
271 (0.73)

OR

Ref
0.956
1.232
1.011
Ref
1.062
Ref
1.404
0.407
1.337
Ref
1.247
Ref
1.373
1.856
1.656
Ref
1.370

Ref
0.826
2.816
1.220
Ref
1.570
Ref
1.139
1.078
1.085
Ref
1.028
Ref
0.718
1.140
0.965
Ref
1.284

95% CI

0.611-1.496
0.621-2.445
0.664—-1.539

0.774-1.457

0.740-2.664

0.016-10.061

0.709-2.519

0.681-2.284

0.542-3.479

0.753-4.575

0.683—4.014

0.963-1.949

0.423-1.611

1.274-6.226

0.678-2.195

1.030-2.393

0.456-2.848

0.043-26.860

0.436-2.698

0.427-2.470

0.229-2.251

0.388-3.353

0.335-2.776

0.790-2.086

xz-value

0.04
0.36
0.00

0.14
1.08
0.82
0.81
0.52
0.45
1.85
1.27
3.08
0.32
6.82
0.44
4.43
0.08
0.31
0.03
0.00
0.32
0.06

0.00

1.02

p*-value

.84403
.55043
.96049

70940
29802
36604
36799
47279
150257
117383
26026
07911
57410
.00902°
50707
103526™
78025
57965
86072
95163
56902
81175

94718

31264

(El-Omar, Ng, & Hold, 2008) The development of cardio-
vascular diseases such as atherosclerosis, myocardial remod-
eling, valvular disease, and thrombosis occur as a result of
the interactions between innate immunity and TLRs (Sharma,
Garg, & Ashraf, 2016). Hence, this study is the first report to



SEMLALI ET AL.

Molecular Genetics & Genomic Medicine_Wl LEY 9 of 15

TABLE 6 Genotype frequencies of TLR-4 gene polymorphism cardiovascular and controls depending on behavior factor

Gene SNP ID Genotype  Cardiovascular  Controls ~ OR 95% CI x*-value p’-value
(A) In smoker patients
TLR-4 152770150 CC 42 (0.47) 88 (0.47)  Ref
CT 33 (0.37) 81(0.42) 0.854 0.494-1.475 0.32 .57032
TT 14 (0.16) 20 (0.11)  1.467 0.675-3.185 0.94 33158
CT+TT 47 (0.53) 101 (0.53)  0.975 0.589-1.615 0.01 92174
C 117 (0.66) 257 (0.68)  Ref
T 61 (0.34) 121 (0.32)  1.107 0.759-1.615 0.28 .59638
TLR-4 154986790 AA 73 (0.85) 166 (0.87)  Ref
AG 13 (0.15) 20(0.11)  1.478 0.698-3.131 1.05 30541
GG 0 (0.00) 1(0.01) 0.755 0.030-18.755 0.44 .50763
AG + GG 13 (0.15) 21 (0.12)  1.408 0.669-2.964 0.82 .36634
A 159 (0.92) 352(0.92) Ref
G 13 (0.08) 22(0.06) 0.764 0.376-1.556 0.55 45771
TLR-4 1510759931 AA 3 (0.03) 15 (0.08)  Ref
AG 28 (0.32) 71(0.38) 1.972 0.530-7.341 1.06 .30430
GG 57 (0.65) 100 (0.54)  2.850 0.791-10.266  2.76 .09638
AG + GG 85 (0.97) 171 (0.92)  2.485 0.700-8.820 2.11 .14640
A 34 (0.19) 101 (0.27)  Ref
G 142 (0.81) 271 (0.73)  1.557 1.004-2.413 3.95 .04694™
(B) No smoker
TLR-4 152770150 CC 58 (0.44) 88 (0.47)  Ref
CT 52 (0.39) 81(0.42) 0.974 0.602-1.575 0.01 91459
TT 23 (0.17) 20 (0.11)  1.745 0.880-3.461 2.57 .10898
CT+TT 75 (0.56) 101 (0.53)  1.127 0.721-1.760 0.27 .60035
C 168 (0.63) 257 (0.68)  Ref
T 98 (0.37) 121 (0.32)  1.239 0.891-1.723 1.62 20253
TLR-4 154986790 AA 114 (0.88) 166 (0.87)  Ref
AG 17 (0.13) 20(0.11)  1.238 0.621-2.465 0.37 .54360
GG 0 (0.00) 1(0.01) 0485 0.020-12.004  0.69 40785
AG + GG 17 (0.13) 21(0.12)  1.179 0.596-2.332 0.22 .63639
A 245 (0.94) 352(0.92) Ref
G 17 (0.06) 22(0.06) 1.110 0.578-2.134 0.10 75381
TLR-4 1510759931 AA 10 (0.08) 15 (0.08)  Ref
AG 41 (0.31) 71(0.38)  0.866 0.357-2.104 0.10 75102
GG 80 (0.61) 100 (0.54)  1.200 0.512-2.814 0.18 .67478
AG + GG 121 (0.92) 171 (0.92)  1.061 0.461-2.442 0.02 .88852
A 61 (0.23) 101 (0.27)  Ref
G 201 (0.77) 271(0.73)  1.228 0.851-1.772 1.21 27151
ns = After Bonferroni correction p > 0.05.
*p < .05.
examine the possible associations between three TLR4 pol- indicate that, of the three SNPs in TLR4 that were analyzed,

ymorphisms with CVDs in the Saudi population. This will a significant association with CVDs was observed only for
allow us to identify SNP biomarkers that are associated with rs2770150, specifically in patients older than 60 years of age,
CVDs, which can then be used to enhance the decision-mak- in female patients, and in patients with CVDs that are not suf-
ing of treatments for patients with CVDs. Our results clearly fering from hypertension events. Furthermore, rs10759931
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TABLE 7 Comparison of TLR-4 rs2770150 and rs4986790 SNPs genotypes distribution between KSA and others HapMap project

populations
Genotype Frequency Allele Frequency
TT CC TC T C
Population N (%) N (%) N (%) N (%) N (%) ¥ p-value
TLR-4 rs2770150
CEU (226) 117 (0.52) 23 (0.1) 86 (0.38) 65 (0.28) 161 (0.71) 63.518 <.05%
HCB (86) 84 (0.98) 0 (0) 2(0.02) 1(0.01) 85 (0.99) 105.81 <.05%
JPT (88) 88 (1) 0 (0) 0 (0) 0 (0) 88 (1) 111.47 <.05%
YRI (226) 181 (0.8) 0 (0) 45 (0.2) 61 (0.27) 65 (0.73) 69.601 <.05%
CABG (217) 1,172 (0.5) 195 (0.09) 803 (0.37) 586 (0.27) 1584 (0.3) 138.32 <.05%
ASW (98) 76 (0.78) 0 (0) 22 (0.22) 11(0.11) 87 (0.89) 83.11 <.05%
CHB (82) 82 (1) 0 (0) 0 (0) 0 (0%) 82 (1) 105.89 <.05%
CHD (170) 168 (0.99) 0 () 2 (0.01) 2 (0.01) 168 (0.99) 172.53 <.05%
GIH (176) 97 (0.55) 12 (0.07) 67 (0.38) 48 (0.27) 128 (0.73) 60.371 <.05%
LWK (180) 135 (0.75) 4(0.022) 40 (0.22) 24 (0.133) 157 (0.87) 113.46 <.05%
MEX (100) 64 (0.64) 10 (0.1) 26 (0.26) 23 (0.23) 77 (0.77) 52.944 <.05%*
MKK (286) 206 (0.72) 14 (0.048) 66 (0.23) 46 (0.16) 240 (0.84) 131.81 <.05%*
TSI (176) 110 (0.62) 8 (0.045) 58 (0.33) 35(0.2) 141 (0.8) 85.150 <.05*
KSA (190) 88 (0.47) 81(0.42) 20 (0.11) 129 (0.68) 61 (0.32) Ref
Genotype frequency Allele frequency
AA GG AG A G
Population N (%) N (%) N (%) N (%) N (%) x> p-value
TLR-4 rs4986790
CEU (226) 212 (0.94) 2 (0.01) 12 (0.05) 217 (0.96) 9 (0.04) 0.6104 19420
HCB (90) 90 (1) 0 (0) 0 (0) 0 (0) 90 (1.0) 34.864 <.05"
JPT (90) 90 (1) 0 (0) 0 (0) 0 (0) 90 (1.0) 1.3388 <.05"
YRI (224) 207 (0.92) 0 (0) 18 (0.08) 213 (0.95) 11 (0.05) 1.0969 40204
ASW (98) 88 (0.90) 2(0.02) 8 (0.08) 93 (0.95) 5(0.05) 11.625 .56325
GIH (174) 142 (0.816) 2(0.011) 3(0.017) 157 (0.90) 17 (0.1) 2.8201 31024
LWK (176) 143 (0.81) 0 (0) 33(0.19) 158 (0.90) 18 (0.1) 1.7322 24518
MEX (98) 92 (0.94) 0(0) 6 (0.06) 147 (0.97) 5(0.03) 16.926 .14373
MKK (154) 130 (0.84) 1(0.01) 23 (0.15) 313 (0.92) 27 (0.08) 2.924 .64597
TSI (284) 258 (0.91) 0 (0) 26 (0.09) 168 (0.95) 8 (0.05) 13.890 34519
KSA 166 (0.87) 1(0.01) 20 (0.11) 352 (0.92) 22 (0.06) Ref

Abbreviations: ASW, African ancestry in Southwest USA; CEU, European ancestry; CHD, Chinese in Metropolitan Denver, Colorado; GIH, Gujarati Indians in
Houston; HCB, Han Chinese in Beijing, China; JPT, Japanese in Tokyo, Japan; KSA, population of Kingdome of Saudi Arabia; LWK, Luhya in Webuye, Kenya;
MEX, Mexican ancestry in Los Angeles, California; MKK, Maasai in Kinyawa, Kenya;TLR, Toll-like receptor; TSI, Toscani in Italia.; YRI, Yoruba in Ibadan,

Nigeria.
*p <.05.

was also associated with an increased risk of developing CVDs
in patients older than 60 years of age, in male patients, and in
patients with CVDs that smoked. Finally, rs4986790 was not
significantly associated with CVDs in the Saudi population.
It is very important to clarify that our study subpopulations
presents a significantly low frequency for TT genotype and G

allele respectively for rs2770150 and 10,759,931 in the nor-
mal control subjects, compared to the CVD cases, implicates
this genotype or allele can be considered as a risk factor in the
Saudi population. However, for rs2770150, individuals with
the TT genotype had a twofold higher risk for developing
CVDs than those with the CC genotype. Furthermore, these
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FIGURE 1 Regional LD plot for (a) (a) rs2770150 ( CEU)
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SNPs are located in the regulatory region of TLR4. We hy-
pothesize that rs2770150 and rs10759931 might affect the af-
finity of transcription factors binding to the regulatory region
of TLR4, thus leading to deficiencies in TLR4 expression in
patients with CVDs. An alternative hypothesis is that these
SNPs affects the extracellular domain of the TLR4 receptor
and is associated with a blunted response to TLR4 ligands
such as LPS in humans (2000). Accumulating evidence also
supports a role of dysregulated TLR signaling in the patho-
genesis of infectious and autoimmune diseases including
CVDs. Additionally, previous studies have shown that TLR4
expression was associated with CVDs with regards to left
ventricular dysfunction. Alvas et al. propose that TLR4 ex-
pression may play a critical pathogenic role and may be used
as an additional marker of ischemic myocardial dysfunction
(Avlas et al., 2015). However, the regulation of TLR4 expres-
sion in cardiovascular diseases remains elusive. Lin, Chen,
Lin, et al., 2006 and Lin, Chen, Tasi, et al., 2006 hypothesized
that oxidative stress modify the posttranscriptional stabiliza-
tion of TLR4 mRNA in vascular cells (Avlas et al., 2015;
Lin, Chen, Lin, et al., 2006). TLR4 has also been reported to
be found on cardiomyocytes cells with an increased secretion
of proinflammatory cytokines such as tumor necrosis factor
o (TNF-o) and interleukin 1B (IL-1P) through the nuclear
factor-kB (NFxB) pathway (Arslan, Kleijn, & Pasterkamp,
2011). Theses cytotoxic mediators are known by their role
in myocyte damage (Fallach et al., 2010). Shao et al. showed
that TLR4 can be used as a potential clinical biomarker for
cardiovascular risk in CAD (Shao, Zhang, Zhang, Lu, & Ma,
2014). Several SNPs have been identified in the promoter and
coding regions of TLRs, and their associations with infec-
tious diseases as well as cardiovascular diseases are discussed
below. The polymorphism rs352139, located in the intronic
region of TLR4, has been demonstrated to be associated
with the susceptibility to tuberculosis in Indonesian females
(Kobayashi et al., 2012). Additionally, Lin et al. have shown
that an Asp119Cys mutation in TLR4 increases the risk for
ischemic stroke in Chinese population by 11.7-fold (Lin et al.,
2005). Although the role of TLR4 polymorphisms in CVDs
have been inconsistent in the literature, recent reports have
shown that the TLR4 rs4986790 polymorphism did not affect
the risk of cardiovascular events in patients with rheumatoid
arthritis (Chen, Gu, Gao, & Cen, 2015; Garcia-Bermudez et
al., 2012; Koch, Hoppmann, Pfeufer, Schomig, & Kastrati,
2006), which was consistent with our current results. The
association of rs2770150 in CVDs has not been reported
elsewhere, even though this SNP has been shown to be as-
sociated with other diseases such as gastric cancer (Santini
et al., 2008) and prostate cancer (Chen et al., 2005) in other
ethnic groups.

How the TT genotype for rs2770150 and the G allele for
rs10759931 contribute to the susceptibility to CVDs based on
gender in patients older than 60 years of age is not fully clear.

Previous studies have suggested that significant genotype or
allele differences exist in CVD incidences between males and
females (Neyrolles & Quintana-Murci, 2009; Zhao, Ying,
Demei, & Xie, 2012). We hypothesize that variations in the
expression of sex hormones and genetic variability between
males and females might contribute to the differential inci-
dence of infectious diseases as CVDs (Guerra-Silveira &
Abad-Franch, 2013). Sex hormones play an essential role in
the pathogenesis of CVDs, and a lower incidence and sever-
ity of CVD have been reported in women than men across
all age groups. Estrogen has a protective role in the heart
to prevent or delay CVDs (Vitale, Mendelsohn, & Rosano,
2009) and a decline in estrogen levels with age as well as
menopause can lead to a rise of CVD incidence in women
(Tan, Gast, & Schouw, 2010). Even though CVDs occur
more frequently in men than women, both genders can inherit
this disease. Therefore, further research should be performed
to understand the factors that contribute to CVD in both
men and women (Blauwet, 2011). In more than 30% of the
healthy population, estrogen confers a protective effect pro-
tection against CVDs in women before menopause (Lerner
& Kannel, 1986). Moreover, studies in vitro have revealed
that progesterone regulates antiviral immunity through the
inhibition of TLR-mediated IFN-alpha production (Hughes,
Thomas, Li, Kaja, & Clark, 2008). In contrast, Semlali et
al. showed that rs2770150 is associated with colon cancer
in women older than 50 years of age and is closely linked
with declining levels of female sex hormones during the post-
menopausal period (Semlali et al., 2016). Furthermore, our
data showed that the allele frequency of rs10759931 was sig-
nificantly associated with CVD in male patients of the same
age group, which is consistent with previous studies that in-
vestigated the involvement of this SNP with inflammatory
diseases, including cancer (Singh, Singh, Agrawal, Gupta, &
Singh, 2013; Song et al., 2009). Additionally, in contrast to
our data, hypertension is the most common risk factor for
susceptibility to cardiovascular diseases. The association
between the selected SNPs in patients with CVDs and hy-
pertensions was evaluated, showing that the TT genotype of
rs2770150 in patients with CVDs without hypertension was
almost three times higher when compared to the healthy con-
trols. Therefore, we hypothesize that a suppressor mutation is
present in the patients with CVDs and hypertension events.
Additionally, cigarette smoking is widely known to in-
duce a higher risk for developing several chronic disorders
including several types of cancer and chronic obstructive
pulmonary diseases. Many studies have shown that cigarette
smoking is a major cause of coronary heart disease, which
can lead to heart attacks. In the current study, we found a
significant association between rs10759931 and smoking in
patients with CVDs. Moreover, the frequency of the G allele
had an odds ratio greater than 1.5 in patients with CVDs that
smoked when compared to healthy controls. Our results are
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in agreement with other previous studies that reported an as-
sociation between TLR4 polymorphism with related-disease
chronic obstructive pulmonary disease in smokers (Sabroe et
al., 2004; Speletas et al., 2009).

TLR4 polymorphisms play an influential role in CVDs.
Our results indicate that rs2770150 is associated with female
patients with CVDs over 50 years old without hypertension,
whereas 1s10759931 is strongly linked to male patients with
CVDs over 50 years old that smoked. We propose that these
SNPs can be utilized as biomarkers for the early detection of
CVDs and for improving the decision-making process when
selecting treatments for CVDs.
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