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Coronary artery disease (CAD) is the leading cause of sudden death worldwide. Inflammation is proved to
be an important player in development of the CAD. Inflammation is directly regulated by the Toll like
receptors (TLRs). Susceptibility of CAD is influenced by genetic variations within TLRs and the proteins
involved in its signaling cascade. The TIRAP/MAL {TIR domain containing adaptor protein / MyD88 (mye-
loid differentiation primary response gene 88) adaptor-like} exhibits maximum genetic variations of all
adaptor proteins involved in TLR signaling cascade. Susceptibility to a number of diseases can be influ-
enced due to presence of S180L single nucleotide polymorphism (SNP) of TIRAP/MAL. This study was con-
ducted to investigate the functional role of this well characterized S180L polymorphism on susceptibility
to CAD among Pakistani patients. A total of 146 Pakistani CAD patients and 147 controls were genotyped
by Amplification Refractory Mutation System-Polymerase Chain Reaction (ARMS-PCR) and the data was
analyzed by using 2-tailed Chi square (x2) test. The p value � 0.05 was considered to be significant.
Significantly high frequency of homozygous L180L genotype was observed among healthy subjects as

compared to the CAD patients [24 (16%) vs 7 (5%); x2 11.85; p = 0.003]. Moreover, the allele frequency of
the minor allele; 180L was observed to be significantly higher among controls than the CAD patients, hav-
ing same direction of association [156 (53%) vs 131 (45%); OR (95% CI) = 0.7198 (0.520–0.996); p < 0.05).
Our results indicate that protective effect of L180L; a coding variant of TIRAP/MAL against CAD is

discernible.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The most common form of cardiovascular diseases is coronary
artery disease (CAD) or atherosclerosis which is also leading cause
of sudden death (Thomas et al., 1988; Kalayoglu and Byrne, 1998).
In CAD, the coronary arteries become hard and narrow resulting in
obstructed blood flow to the myocardium. It is principally caused
by a condition called atherosclerosis. Vascular oxidative stress,
injury and invasion of mononuclear phagocytes may trigger the
atherogenic inflammation (Inflammation, 2005; Zebrack and
Anderson, 2002). Furthermore, not only oxidized and glycosylated
products (e.g. modified lipoproteins) but also infectious agents like
Chlamydia pneumonia (Shor et al., 1992); Porphyromonas gingivalis
(Li et al., 2002) and Epstein-Barr virus (EBV), play key role in patho-
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genesis of the disease (Rupprecht et al., 2001). All these factors lead
to chronic inflammation which is fundamental cause of atheroscle-
rosis and CAD (Inflammation, 2005). Activation of the Toll like
receptors (TLRs) Pathway also link inflammation, infection and
pathogenesis of CAD. Evidence from diverse sources and experi-
mental models has provided a wealth of information suggesting
that TLRs could affect atherogenesis in multiple ways (Noreen
et al., 2012). TLR2 and TLR4 seem to be mainly involved in progres-
sion of the disease. Up regulation of TLR2 and TLR4 has been
reported to be associated with atherogenesis (Xu et al., 2001;
Mizoguchi et al., 2007). Infection with C. pneumonia has been asso-
ciated with atherosclerotic lesions (Shor and Phillips, 1999; Kuo
et al., 1993). The symptoms of infection with C. pneumoniae are
similar to those of atherogenesis, including increased lipid accu-
mulation in macrophages (Kalayoglu and Byrne, 1998) and prolif-
eration of human vascular smooth muscle cells (VSMCs) (Sasu
et al., 2001). Role of Porphyromonas gingivalis (Gram-negative
anaerobe) in development of atherosclerosis has been emphasized
through human epidemiological studies (Gibson et al., 2006). Pres-
ence of EBV has also been reported to affect the outcome of CAD
(Rupprecht et al., 2001) and progression of atherosclerosis (Liu
et al., 2008; Schoneveld et al., 2005). Furthermore oxidized low
density lipoprotein (LDL) (Steinberg et al., 1989) is known to acti-
vate and up-regulate the expression of TLR4 and thus resulting in
secretion of the chemokine IL-8 (Walton et al., 2003).

Ligand binding to TLRs results in the production of many pro-
inflammatory cytokines and chemokines which can be involved
in the pathogenesis of atherogenesis (Michelsen et al., 2004). The
TLR2 and TLR4 mediated MyD88-dependent downstream signaling
pathway involves recruitment of the TIR (Toll/interleukin-1 recep-
tor) domain containing adaptor protein (TIRAP) / MyD88 (myeloid
differentiation primary response gene 88) adaptor-like (MAL)
(Yamamoto et al., 2002; Mansell et al., 2004). The TIRAP/MAL is
characterized to contain maximum number of genetic variations
among all the proteins involved in TLR signaling cascade (Noreen
and Arshad, 2015). The S180L / C539T (GenBank accession no.
rs8177374) in TIRAP/MAL involved substitution of the serine by
the leucine amino acid (aa) at position 180 of total 221 residues.
It can alter NF-jB signaling thus protects against unnecessary
inflammation (Khor et al., 2007). The strength of an inflammatory
response is important enough to affect the disease outcome
(Noreen et al., 2012). The TIRAP/MAL (S180L) polymorphism has
been found to be associated with pneumococcal disease, bac-
teremia, tuberculosis (TB), malaria (Khor et al., 2007), sepsis
(Hamann et al., 2009), systemic lupus erythematosus (SLE)
(Castiblanco et al., 2008), rheumatoid arthritis (RA) (Castiblanco
et al., 2008; Sheedy et al., 2008), axial spondyloarthritis (Cantaert
et al., 2008) and chronic Chagas cardiomyopathy (CCC)
(Ramasawmy et al., 2009). As the presence of the SNPs can affect
susceptibility and progression of disease (Noreen et al., 2015) thus
based on the crucial role of TIRAP/MAL polymorphism (S180L) in
susceptibility to various diseases, the association of the polymor-
phism to CAD was investigated in Pakistani population.
2. Materials and methods

2.1. Subjects

Present study was conducted at Atta ur Rehman School of
Applied Biosciences (ASAB), National University of Sciences &
Technology (NUST), Pakistan. We included 146 informed con-
sented patients of CAD [48 women (33%) and 98 men (67%)], aged
between 38 and 82 years (mean age 58.23 ± 9.29 years) whom dis-
ease status was confirmed by coronary artery angiography from
Hearts International Hospital, Rawalpindi, Pakistan. All partici-
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pants were informed about the study and sample was taken after
their consent . The age and sex matched control group of 149 indi-
viduals was selected with no evidence of CAD as proved after
angiography. Ethnicity and age matched subjects were included
in this study.
2.2. SNP genotyping

The peripheral blood samples were collected in 10 ml K3 tubes
containing ethylenediamine tetra-acetic acid (EDTA) (BD vacu-
tainer, New Jersey, USA). The genomic DNA was isolated from
peripheral blood using the DNA purification kit (Gentra Puregene,
Hilden, Germany) as per manufacturer’s protocol. The DNA of each
sample was quantified using the PicoGreen dsDNA assay kit (Life
Technologies, New York, USA). The TIRAP/MAL coding sequence
was taken from Genbank and two sets of primers were designed
using the software Primer3 (http://frodo.wi.mit.edu/). The differ-
ence in primers of both sets was of only one base at 30 end of for-
ward primers, while the reverse primer was quite identical in both
the cases. The forward primer of first set (F1) had cytosine (C) at
its 30 end, which makes it complimentary to the region of DNA
which encodes for serine at position 180 of the TIRAP/MAL protein
while the forward primer of second set (F2) had thymine (T) at 30

end, which enables this set of primers to amplify the region of
DNA which will encode for leucine at position 180 in protein
sequence.

Following primers were used to amplify the desired region of
926 bp.

Forward Primer F1: 50-GGCTGCACCATCCCCCTGCTGTC-30

Forward Primer F2: 50-GGCTGCACCATCCCCCTGCTGTT-30

Reverse primer R: 50-AGTCCCCAAGCTCTCCATGGTCTTCTTAGG-
30

Another set of primers for IL-10 gene was designed as internal
control to check validity of amplification process. Following set
of primers was used to amplify the region of 412 bases.

Forward Primer: 50-CCTAGGTCACAGTGACGTGG-30

Reverse primer: 50-GGTGAGCACTACCTGACTAGC-30

Amplification Refractory Mutation System Polymerase Chain
Reaction (ARMS-PCR) was performed to discriminate among tem-
plates which differ by a single nucleotide residue. 3.5 ll of the
sample DNA (50 ng/ll), 2 ll (10X) of PCR buffer (Fermentas,
Canada), 1.5 ll of 2 mM deoxyribonucleotide triphosphates
(dNTPs) mixture (MBI Fermentas, Canada), 1.6 ll of 25 mMmagne-
sium chloride (MgCl2) (MBI Fermentas, Canada), 1 ll of each for-
ward primer (10 pm/ll) either F1 or F2 and forward primer of
internal control, 1 ll of each of reverse primers (10 pm/ll) and
0.4 ll Taq DNA polymerase (MBI Fermentas, Canada) was mixed
in 7.0 ll neuclease free water to prepare 20 ll PCR reaction
mixture.

The reaction mixture was subjected to the thermocycling start-
ing with template denaturation for 5 min at 94 �C followed by 35
amplification cycles. Each cycle consisted of 3 steps; 45 s at 94 �C
for DNA denaturation, 30 s at 63 �C for primers annealing to
respective template strands and 80 s at 72 �C for extension of
the complementary DNA strand from each primer. Finally the
reaction mixture went through 72 �C for 10 min for Taq poly-
merase to synthesize if any unextended strands were left. The
PCR was performed using thermal cycler (Applied Biosystem,
USA). The PCR products were subjected to electrophoresis in a
2% agarose gel and stained with the ethidium bromide (Fig. 1).
After electrophoresis, the amplified product was detected and
photographed using UV Transilluminator (Biometra, Germany)
and using gel documentation system (Wealtec, USA)
respectively.

http://frodo.wi.mit.edu/


Fig. 1. 2 % Agarose Gel showing genotypes of three patients of CAD according to the TIRAP/MAL polymorphism (S180L). The lane 2, 4, 6 contain amplified products of 1st, 2nd
and 3rd patients respectively by using primers (F1+R) and positive control. The lane 1, 3 and 5, contain amplified products of 1st, 2nd and 3rd patients respectively by using
primers (F2+R) and positive control. Amplification of desired region (926 bp) in lane 1, 2, 4 and 5 and absence of bands in lane 3 and 6 show that 1st patient is heterozygous
(S180L), 2nd patient is homozygous (L180L) and 3rd patient is homozygous (S180S) for TIRAP/MAL polymorphism (S180L).
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2.3. Statistical analysis

Allelic and genotypic frequencies were manually counted and
the polymorphism was checked for deviation from Hardy Wein-
berg equilibrium (HWE). Prism (version 5.0; GraphPad) was used
for statistical analysis. The allelic and genotypic associations with
disease groups and control were analyzed by use of the Chi square
(x2) test and 2-tailed Fisher’s exact tests. OR with 95% confidence
intervals (CI) was also calculated. The p value � 0.05 was taken
to be significant.
Fig. 2. Genotype frequency in CAD patients and controls and their susceptibility to
CAD.
3. Results

3.1. Genotypic frequencies in CAD patients

It was found that the frequency of homozygous S180S genotype
in CAD patients was significantly higher than the healthy individ-
uals [46 (32%) vs 27(18%) p = 0.02] in Pakistani population. The
heterozygous S180L genotype was found in 76 (52%) CAD patients
and 86 (58%) members of control group. The homozygous L180L
genotype was more frequent 36 (24%) among healthy subjects as
compared to 24 (16%) CAD patients (Table 1, Fig. 2).

3.2. Allelic frequencies in CAD patients

When allelic frequencies of CAD patients were compared with
that of healthy individuals, the frequency of 180S allele was found
to be higher among CAD patients 168 (58%) as compared to healthy
individuals 140 (47%). In healthy individuals 180L allele was signif-
icantly more frequent 158 (53%) than diseased ones i.e 124 (42%)
(Table 2). Preventive effect of 180L allele with susceptibility to
CAD was significantly evident [OR (95% CI) = 1.53 (1.11 to 2.12);
p = 0.01)] (Fig. 3).
4. Discussion

During last few decades, the medical geneticists have been
eagerly interested to unravel the role of genetic variations on
pathogenesis and susceptibility of diseases. Genes involved in
pathogen recognition and signaling pathways are of prime impor-
Table 1
Distribution of genotypic frequencies of TIRAP/MAL polymorphism (S180L) in healthy ind

Genotype

S180S
n (%)

S180L
n (%)

CAD Patients (N = 146) 46 (32) 76 (52)
Normal Control (N = 149) 27 (18) 86 (58)

Note: N = total number of individuals; n = number of individuals. The p � 0.05 was con
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tance in this concern. Variations in the inflammation associated
genes significantly affect the immune response and pathogenesis
of the diseases (Noreen et al., 2012).

As CAD is characterized to be the root cause of sudden casu-
alties, (Thomas et al., 1988) thus, it was also important to elucidate
the involvement of TIRAP/MAL (S180L) with susceptibility to the
CAD. Accumulation of atheromatous plaques within coronary
arteries causes CAD. In the beginning, endothelial injuries appear
and then progress to advanced and complicated pathological
lesions (Inflammation, 2005). The CAD is not merely a passive infil-
tration of the lipids but is an active and continuous inflammatory
process, (Zebrack and Anderson, 2002). It has also been reported
that the pathological determinants involved in development and
destabilization of plaque have strong implication with TLRs and
ultimately regulation of the immune system.

Progression of atherosclerotic lesions may be negotiated by
ligation of TLR2 (Schoneveld et al., 2005). Link between TLR4 and
atherogenesis was indicated not only by in vitro up regulation of
TLR4 in human macrophages by oxidized LDL but also by preferen-
tial expression of TLR4 by macrophages in lipid rich atherosclerotic
lesions of mice as well as humans (Xu et al., 2001). Activation of
TLR4 results in expression of many pro-inflammatory cytokines,
ividuals and CAD patients.

Chi Square Statistics

L180L
n (%)

x2 Value p Value

24 (16) 7.93 0.02
36 (24)

sidered to be significant.



Table 2
Allelic frequencies of TIRAP/MAL polymorphism (S180L) in healthy individuals and CAD patients.

Allele frequency Fisher’s exact test

180S
n (%)

180L
n (%)

OR (95% CI) p Value

CAD Patients
N = 292

168 (58) 124 (42) 1.53 (1.11 to 2.12) 0.01

Normal Control
N = 298

140 (47) 158 (53)

Note: N = total number of alleles; n = number of allele; OR = odds ratio; CI = confidence interval. The p � 0.05 was considered to be significant.

Fig. 3. Distribution of allelic frequency in CAD patients and controls. More frequent
presence of 180L among healthy individuals indicates its protective effect against
CAD.
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which are key players in atherogenesis (Walton et al., 2003). So,
susceptibility to CAD may be affected by genetic differences which
ultimately influence the nature and strength of an inflammatory
response (Noreen et al., 2012).

In this study we found that, TIRAP/MAL coding variant (S180L)
is associated with susceptibility to CAD, in Pakistani population. In
patients of CAD, there was significantly higher frequency of
homozygous S180S genotype (46 (32%) vs 27(18%) p = 0.02) in
comparison with controls. The heterozygous S180L genotype was
less frequent among patients (52% vs 58%) but the difference was
non-significant (p>0.05). On the other hand, homozygous L180L
genotype was more frequent among the healthy subjects as com-
pared to the CAD patients (24% vs 16%) (Table 1). The difference
in genotypic frequencies reveals significant association of the
homozygous S180S genotype with susceptibility to CAD (x2 7.93;
p = 0.02) and shows the protective effect of L180L genotype against
the disease (Fig. 2).

When allelic frequencies of CAD patients were compared with
that of healthy individuals, the frequency of 180S allele was found
to be more among CAD patients as compared to healthy individuals
(58 vs 47 per cent). The 180L allele was also more frequent among
healthy individuals (53 vs 42 per cent) (Table 2). The results indi-
cated significant association of both the alleles with susceptibility
to CAD [OR (95% CI) = 1.53 (1.11 to 2.12); p= <0.01)] (Fig. 3). The
scarcity of such studies in the World makes it difficult to assume
that whether this polymorphism is linked to CAD among other
populations or not. However, the occurrence of significantly high
percentage of homozygous mutant genotype (L180L) and minor
allele (180L) in the healthy subjects as compared to the CAD
patients shows its protective role in the pathogenesis of CAD.
The allelic and genotypic frequencies of S180L in Pakistani popula-
tion are different from other studies (Khor et al., 2007; Hamann
et al., 2009). These disparities may be explained on the basis of dif-
ferences in ethnicity. The heterozygous genotype has been
reported to have protective association against diseases due to
optimal production of pro inflammatory cytokines as compared
to wild type homozygous genotype (Khor et al., 2007). The preva-
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lence of high percentage of the heterozygous genotype in healthy
individuals may be hypothesized due to its protective role.

There are several plausible evidences provided by the molecular
mechanisms, explaining the role of TIRAP/MAL polymorphism
(S180L) in decreased signal transduction efficiency which leads
to impaired cytokine production. Dunne et al. has reported the
interaction of wild type TIRAP/MAL with TLR2 (Dunne et al.,
2003) and Khor et al. demonstrated that TLR2 was unable to recruit
variants thus making the signaling process defective. The variant
form of TIRAP/MAL was also observed to inhibit the ability of wild
TIRAP/MAL to activate NF-jB (Khor et al., 2007).

Thus the functional studies of TIRAP/MAL polymorphism
(S180L) have elegantly proved that the wild type TIRAP/MAL is
implicated to produce high levels of pro inflammatory cytokines
while the mutant type may have the contrasting effect. As the
immunopathology of CAD is affected by production of pro-
inflammatory cytokines, their impaired production in homozygous
mutant (L180L) individuals may be important in hypothesizing the
protective role against the CAD in our results. As the population
included in study is small thus same type of studies with large pop-
ulation cohort and in different ethnic groups in future may open
further avenues to confirm the role of this SNP in CAD.
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