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Abstract

Background: Coronary artery disease (CAD) is among the significant causes of death globally, caused by fatty de-
posits in blood vessel walls. Increasing evidence indicates that toll-like receptors (TLRs) are pivotal to atheroscle-
rosis progression. The function of CD36 as'a glycoprotein in atherosclerosis was also suggested. This study aimed
to investigate the levels of TLR4, TLR6, and TLR7, as well as CD36 cell surface markers in CAD.

Methods: This study included 64 patients undergoing angiography to determine whether atherosclerosis was pre-
sent. The patients were categorized into two groups. The three main coronary arteries are all stenosed at over 50%
in patients with CAD+ (n=22) as cases and CAD— (n=42) with smooth angiography as controls. Each patient's syn-
tax score (SS) and Gensini (vessel score) were calculated. The TLR-4, TLR-6, TLR-7, and CD36 expression were
measured using Flow cytometry.

Results: TLR4 and TLR6 showed a significant link with the Gensini score in the subject group. In addition, TLR7
had an association with Syntax scoring in this study.

Conclusion: Our findings illustrated the association between TLR4, TLR6, and TLR7 cell surface markers with Gen-
sini and Syntax scoring in individuals with coronary artery disease.
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Introduction Various reasons are involved in atherosclerosis patho-
genesis, which occurs when lipids accumulate on artery
walls, including genetic and environmental factors [3,
4]. Women older than 55 and men older than 45, smok-
ing, family background, diabetes, high blood pressure,

Coronary artery disease (CAD) is the first reason for
death in the world, according to atherosclerosis [1, 2].
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high body mass index (BMI) as well as a sedentary life-
style, declined level of High-Density Lipoprotein
(HDL), raised level of Low-Density Lipoprotein (LDL),
and cholesterol are the most prominent risk factors of
CAD as a chronic disease [5, 6]. The World Health Or-
ganization (WHO) reported that 60% of the economic
burden of CAD is in developing countries [7]. CAD is
responsible for 7.2 million deaths per year, which is
equal to 12% of death rates annually [7]. The cost of
treating cardiovascular disease is $315.4 million in
America [8, 9]. The role of family background and the
50% heredity rate in the development of CAD has been
proposed by genetic studies [10, 11]. Immune system
cells and inflammation form vascular plaque and cardio-
vascular disease [12, 13].

CAD can be prevented, controlled, and treated by further
study of immune cells and other inflammatory factors.
TLRs are receptors on the cell membrane that are im-
portant for immunity and respond to molecules from
pathogens [14, 15]. They are also found in the cells that
present antigens (macrophages and dendrites), which
protect against infections in the first line [16]. TLRs trig-
ger intracellular signaling pathways by cytokines. Stud-
ies show a link between TLRs, which start the inflam-
matory response, and atherosclerosis, an inflammation-
related disease [17, 18]. TLR4 is one of the TLRs highly
expressed in heart cells [19, 20]. TLR4 also signals in-
flammation through the interleukin receptor and is re-
lated to high blood pressure and heart muscle damage
[19, 20]. Physical exercise can help prevent heart dis-
eases by lowering the TLR4 expression [21]. TLR-6 is
another type of TLR that works with TLR2 and CD36 to
activate cells [22, 23]. Eliminating the TLR6 gene re-
duced the risk of heart muscle scarring [24]. TLR6 also
helps control oxidative stress and inflammation-related
substances like IL-6 and cytokines using the NF-«B sig-
naling pathway [24]. Macrophages in atherosclerotic
plaques produce TLR7 [25]. When the TLR7 gene is
missing or low, it leads to'atherosclerosis and inflamma-
tion in the blood vessels [26]. More TLR7 in the plaques
is linked to improved conditions and lower risks of heart
problems in patients [26, 27].

CD36 is a glycoprotein on fat cells and macrophages
that helps balance lipids and immune responses in in-
flammation [28, 29]. CD36 gene expression is associ-
ated with persistent inflammation and immune reactions
that increase the likelihood of atherosclerosis, thereby
diminishing the chances of atherosclerotic lesions form-
ing due to the deletion of this gene [28, 29]. The SRC
proto-oncogene, non-receptor tyrosine kinase (Src) fam-
ily facilitates the communication between CD36 and
TLRs. CD36 triggers the phosphorylation and activation
of TLR4 and TLR6 via Lyn kinase [29]. CD36 ligands
such as ox-LDL trigger the creation of (CD36-TLR4-

TLR6) heterodimer and NF-«kB activation [30]. Angi-
ography is a treatment procedure used to diagnose vas-
cular occlusion among individuals suffering from cardi-
ovascular disorders. Gensini’s score is employed to eval-
uate the severity of coronary artery disease (CAD) in in-
dividuals by assessing stenosis grade [31].

The Syntax score also evaluates coronary artery lesions
stenosis. A higher Syntax score means the stenosis is
more severe [32]. ]. In this research, we investigated the
levels of TLR4, TLR6, TLR7, and CD36 cell surface
markers and their correlation with Genisini and Syntax
scores in coronary angiography patients.

Materials and methods

Patient enrollment:

This research comprises patients who underwent diag\
nostic coronary angiography at Dr. Shariati Hospital
from 2019 to 2020. There were two groups of partici-
pants, CAD+ and CAD-. The CAD+ group had 22 pa-
tients with over 50% narrowing in the three main coro-
nary arteries (right coronary artery, left anterior descend-
ing artery, and left circumflex coronary artery). The
CAD group included 42 patients with normal angi-
ography outcomes. The researchers obtained written
consent and medical records before conducting the angi-
ography. After the procedure, the angiography data were
saved on a CD and analyzed by an intervention cardiolo-
gist. The Syntax and Gensini (vessel scores) were ana-
lyzed for each patient according to the American Heart
Association (AHA) guidelines. The ethics committee of
the Endocrinology and Metabolism Research Institute at
Tehran University of Medical Sciences approved this
study.

This study did not include patients with congenital heart
valve defects, familial hypercholesterolemia, or a history
of Percutaneous Coronary Intervention (PCI) and Coro-
nary artery bypass grafting (CABG). The selection crite-
ria were based on stenosis in at least 70% of the arterial
cross-section of all three coronary arteries, which was
confirmed by angiography. Participants in the control
group exhibited no signs of stenosis, as confirmed by an-
giography. Patients who had taken hypertension medica-
tion before or had a blood pressure reaching or exceed-
ing 140/90 mm Hg were classified as having hyperten-
sion. Diabetes mellitus, along with hyperlipidemia, was
detected using the American Diabetes Association
(ADA) criteria. Significant diameter stenosis >70% was
also considered when calculating the Gensini (vessel
score). An American Heart Association grading system
was also applied to evaluate the syntax score [33].
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Sample collection and processing:

To identify cell surface markers, the researchers col-
lected 10 ml of blood in EDTA tubes and stained it with
a DAKO uti-lyse erythrocyte lysing reagent kit. They
then used the Flow Cytometry method to investigate the
expression of TLR4, TLR6, TLR7, and CD36 markers
in CD3+ T-lymphocytes.

Statistical analysis:

The analyses were conducted statistically using version
16 of SPSS software. A natural logarithm (LN) was ap-
plied to normalize cell surface markers distribution. An
unpaired t-test and a chi-square test were used to analyze
the statistics. Pearson correlation was also used to exam-
ine the relationship between the scoring system and cell-
surface markers. The correlation between cell surface
markers and Gensini and Syntax scores was calculated
using linear regression analysis. Statistics indicated that
a p-value lower than 0.05 was significant.

Results

While comparing CD36, TLR4, TLR6, and TLR7 ex-
pression between the two groups, there was no statistical
significance in the difference for TLR4(p=0.24) (Fig.1),
TLR6(p=0.29) (Fig.2), TLR7(p=0.38) (Fig.3), and
CD36(p=0.22) (Fig.4).
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Fig. 1 TLR-4 cell surface marker. The TLR4 expression
was higher in CAD+ patients (34.55+1.75) compared to
CAD- (2940.67). However, statistically, there was no
significance in the difference (p=0.24).
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Fig. 2 TLR-6 cell surface marker. The expression of the
TLR6 cell surface marker was lower in CAD+
(27.80+14.52) compared to CAD- (32.8142.34), but this
also did not reach the statistically significant level
(p=0.29).
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Fig. 3 TLR7 cell surface marker. The comparison of
TLR?7 cell markers was not significantly different be-
tween CAD+ (33.66+15.33) and CAD- (29.50+1.78)
groups (p=0.38).
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Fig. 4 CD36 cell surface marker. The expression of the
CD36 cell surface marker in CAD+ (27.34£11.62) was
lower than in CAD- (33.06+10.08), but this difference
was not statistically significant (p=0.22).

Author, et al

GenoMed Connect


https://doi.org/10.x/journal.x.x.x

2024, Vol. 1, Issue 1
doi:10.x/journal.x.x.x

SCIFINITI

PUBLISHING

®

Correlation of markers expression
with Gensini score and Syntax

(p=0.43), CD36 (p=0.85), and the Syntax score. How-
ever, TLR7 showed a notable link with the Syntax score

(p=0.01).

score Gensini TLR4 TLR6 TLR7 CD36
score

Table 1 presents the clinical traits of the participants. The

prevalence of diabetes mellitus was considerably higher 2a

among the CAD+ (56.3%) than among the CAD- (43.8%) r 0.08 0.06 0.01 0.03

(p=0.03). However, there were no notable variations be-

tween the two groups regarding age (p=0.76), BMI  Beta-co- 0.29 -0.26 -0.10 0.17

(p=0.41), gender (p=0.57), smoking history (p=0.45), hy-

pertension (p=0.78), in addition to hyperlipidemia  efficient

(p=0.06)

p-value  0.01* 0.03* 0.39 0.15
Qualitative variables CAD" Syntax CAD p-value
(n=22) score (n=42)

Age 56.40 +7.33 ") 0.00-85%p ¢/ 0.18 979901
BMI* 26.81+3.22 Beta-co- -0ATO%%  .0.43 04103
Gender (Female) 4(28.6%) efficient 10(71.4%) 0.57
Gender [12] 18(36.7%) p-value 0.544(63.g%» 0.01* 0.85
History of smoking 5(27.8%) a: r’: 13(72.2%) 0.45
Diabetes Mellitus 9(56.3%) b: p-Values <8(@3-%%8)deemed to be YQ&Sti-
Hypertension 11(33.3%) cally meaningd#(66.7%) 0.78
Hyperlipidemia 9(52.9%) 8(47.1%) 0.06

a: BMI: Body Mass Index
b: Data are presented as n (%).

c: p-Values <0.05 was regarded as significant

Furthermore, linear regression was applied as an inde-
pendent factor to assess the correlation between Gensini
and Syntax scores and cell surface markers as a dependent
factor. The results showed that TLR4 had a positive cor-
relation with the Gensini score (r2 =0.08, [=0.29,

p=0.01), while TLR6 had a negative correlation with the
Gensini score (r? =0.06, B: -0.26, p:n ﬂ'Z) However, the

Table 2 illustrates Pearson results test correlated between
cell surface markers expression and the Gensini and Syn-
tax scoring system. The Gensini score exhibited a positive
correlation with TLR4 (p=0.01) and TLR6 (p=0.03) but
not with TLR7 (p=0.39) or CD36 (p=0.15). There has not
been any significant link between TLR4 (p=0.54), TLR6

correlation between TLR7 (r2 =0.01, p= -0.10, p=0.39)
and CD36 (r2 =0.03, p=0.17, p=0.15) with Gensini score
of no statistical significance in difference has been
shown. Similarly, there has not been shown considerable
correlation between TLR4 (r2 =0.01, p=-0.11, p=0.54),
TLR6 (12 =0.02, = 0.14, p=0.43), and CD36 (12 =0.001,
= 0.03, p=0.85) and Syntax score. However, TLR7 was
negatively correlated with the Syntax score (r2 =0.18, f=
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-0.43, p=0.01).
Discussion

Although the incidence of CAD is decreasing in indus-
trialized nations, it is rising in underdeveloped nations.
Additionally, CAD is responsible for 80% of deaths in
developing countries [34, 35]. TLRs belong to the inter-
leukin-1 receptor/family of toll-like receptors also ex-
pressed on the surface of mammalian cells. Thirteen
TLRs have been identified so far [36]. More recently, a
study conducted as the CANTOS phase 3 trial has
shown that direct reduction of inflammation with an
monoclonal antibody treatment (canakinumab) which is
an anti-interleukin (IL)-1p antibody, decrease cardiovas-
cular event rates. This results approve inflammation as a
remarkable target in cardiovascular disease preven-
tion.[53].

This research has checked the link between CAD and
three members of the TLR family, namely TLR4, TLR6,
TLR7, and CD36. These receptors are involved in in-
flammation and atherosclerosis [28]. According to this
study, diabetes presence is more significant among
CAD+ individuals than CAD- individuals (p<0.05). Ad-
ditionally, it has been demonstrated that there is a corre-
lation between diabetes and CAD, as individuals with
diabetes are more susceptible to developing CAD [37].

Cardiovascular disease is associated with TLR4 through
cytokines and immune responses [38].TLR4 expression
has been detected in different cells, including cardiomy-
ocytes, macrophages, endothelial cells, and smooth mus-
cle cells [39]. This study found that TLR4 levels were
elevated among CAD+ cases, which contrasted with the
CAD- cases, although there was no statistical signifi-
cance in the difference (p>0.05). Similar to our findings,
high levels of TLR4 expression were found in athero-
sclerotic plaques in both rats and humans. However, this
gene was not expressed in normal vessels [17, 40-42].

Moreover, our findings revealed a positive correlation
between TLR4 and the Gensini score, suggesting that
TLR4 might contribute to an increased risk of coronary
stenosis (p<0.05). Yet, no association has been found
between TLR4 and Syntax score in the population stud-
ied (p>0.05). The roles of TLR4 and ApoE in athero-
sclerosis were investigated in mice deficient in TLR4
and ApoE [43]. Contrary to our study, it was discovered
that mice lacking both ApoE and TLR4
(ApoE—/—TLR4—/—) were more susceptible to athero-
sclerosis and inflammation, and they exhibited an in-
crease in lesion formation. This indicates that TLR4 may
protect against atherosclerosis [43]. The Asp299Gly pol-

ymorphism of the TLR4 gene, known to reduce the in-
flammatory response, has been associated with athero-
sclerosis risk [39]. Furthermore, Chlamydia pneumonia
has been involved in the proliferation of smooth vascular
muscle cells via TLR4 [44, 45].

According to our study, the CAD- group exhibited a
higher level of TLR6 cell marker than the CAD+ group
(p>0.05), and TLR6 appeared to have a protective influ-
ence in opposition to coronary artery disease, as it nega-
tively impacted coronary stenosis (Gensini score)
(p<0.05). However, no association was found between
TLR6 and the Syntax score (p>0.05). The Pro249Ser
polymorphism (rs5743810) of the TLR6 gene has been
previously confirmed to be associated with atherosclero-
sis [46]. TLR6 has been linked to myocardial fibrosis
through inflammatory pathways and oxidative stress
[24]. In ApoE -/- deficient mice, TLR7 has been demon-
strated to control the inflammatory response and inhibit
atherosclerotic lesion progression in the CAD [47].

While the CAD+ group had higher TLR7 expression
than the CAD- group, this difference had no statistical
significance (p>0.05). While not considerably affecting
the Gensini score, TLR7 had a notable negative impact
on the Syntax score, indicating its role in coronary artery
lesions (p<0.05). Macrophages lacking CD36 exhibited
reduced pro-inflammatory properties, suggesting CD36
plays a pro-atherogenic role [48]. Given LDL’s role in
atherosclerosis, CD36 is responsible for 50% of LDL
binding activity, indicating its association with cardio-
vascular disease [49]. CD36 has also been correlated
with the cardiovascular disorder progression in diabetes
[50]. In mice lacking CD36 and apoE (CD36- / apoE-), a
61% reduction in lesion area in females and a 74% re-
duction in males were observed.

in comparison with the control group [48]. However, in
this research, CD36 expression was lower in the CAD+
cases than in the CAD- cases (p>0.05), and CD36 had
no correlation or effect on the Gensini and Syntax scores
(p>0.05). Soluble CD36 concentration has been illus-
trated as protective against metabolic syndrome progres-
sion in individuals with CAD [51]. The CD36 gene vari-
ants rs3173798 and rs3211892 showed a correlation
with myocardial infarction [52]. CD36 mRNA expres-
sion was considerably higher in individuals with coro-
nary heart disease (CHD) than in the control group [49].

Conclusion

Although the study has several limitation including
small samples size which may be the vause of lack of
significant differences in the expression of the studied
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cell surface markers between the CAD+ and CAD-
groups, a notable correlation was found between the
Gensini and Syntax scoring systems and TLR4, TLR6,
and TLR7. Accordingly, it is found that cell surface
marker expression is associated with stenosis in patients
with CAD. As such, further investigation into the rela-
tionship between cell surface markers and CAD in future
studies with larger sample sizes could be beneficial. If
these results are confirmed in future research, it could
aid in identifying more effective strategies for prevent-
ing and managing CAD. This disease imposes a substan-
tial economic burden on societies.
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