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Abstract

Background: Coronary artery disease (CAD) is one of the heart diseases that causes the death of many patients in the world. Many
genes and molecular pathways are involved in the regulation of inflammation. However, some genes have a regulatory role and control
immune responses. In recent studies, few studies have been done regarding the role of TLRs and PPARs in CAD. Hence, the present
study aimed to determine and compare the mRNA expression of PPAR-a and PPAR-y genes and genes of the innate immune system
messenger pathway, including TLR2 and TLR4, in CAD patients in comparison to normal individuals.

Methods: This study (case-control) was conducted on 12 patients with coronary arteries and 10 healthy individuals as healthy controls.
RNA extraction was performed, cDNA was produced, and then the mRNA expression levels of TLR2, TLR4, PPAR-a, and PPAR-y
genes were examined using Syber green Real-Time PCR. The t-test sample and the related non-parametric tests were used to investigate
the relationship between the quantitative variables. The significance level in all tests was considered as less than 0.05.

Results: The results of data analysis showed that the expression level of 7LR2 and TLR4 genes was significantly increased in the
patient group compared to the controls (P=0.001). However, although PPAR-0o.and PPAR-y genes were up-regulated in patients' samples,
the comparison of gene expression levels did not significantly differ between the case and control groups.

Conclusion: we found meaningful results to the significant role of 2 and TLR4 in the pathogenesis of CAD and emphasize the
hypothesis that TLR2 and TLR4 can be considered therapeutic options.
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Introduction

1
2,
3,

4,

Cardiovascular diseases were described as the most prev-
alent disorders and the leading causes of death in recent
decades worldwide (1-3). In that classification, coronary ar-
tery disease (CAD) and atherosclerosis, which account for
a huge number of morbidity and mortality in most coun-
tries, are multifactorial ailments (4-6). The mortality rate
related to CAD varies in different parts of the world. How-
ever, it has been shown that 160 CAD patients die per
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100,000 people per year (7). In this regard, inflammation
and its related pathways are the main factors that contribute
to most atherogenesis procedures. Indeed, it is proposed
that inflammation has a driving role in disease pathogenies
that initiate plaque formation and subsequent events (8).
However, CAD and atherosclerosis are considered multi-
factorial and polygenetic diseases, in which lots of human
genes are involved in disease initiation and progression (9).

1What is “already known” in this topic:

In recent studies, few studies have been done regarding the role of
TLRs and PPARs in CAD. Hence, the present study aimed to
determine and compare the mRNA expression of PPAR-o. and
PPAR-y genes and genes of the innate immune system messenger
pathway, including TLR2 and TLR4, in CAD patients in
comparison to normal individuals.

— What this article adds:
We found meaningful results to the significant role of 2 and 7LR4
in the pathogenesis of CAD and emphasized the hypothesis that
TLR2 and TLR4 can be considered therapeutic options.
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Numerous studies have been performed in different popu-
lations to study genes affecting atherosclerosis and revealed
that some Peroxisome proliferator-activated receptor
(PPAR) PPAR and toll-like receptor (TLR) genes are the
most important contributing agents (10).

PPAR genes are a group of ligand-activated transcription
factors involved in regulating lipid and glucose homeosta-
sis. In addition, they play a critical role in regulating the
immune and inflammatory responses in the human body
(11). Three groups of PPAR have been identified including
PPAR-0, PPAR-B / § and PPAR-y; the expression level of
each group is different in various cells (12). PPARs are ex-
pressed in endothelial cells, vascular smooth muscle cells,
T lymphocytes, macrophages, and monocytes, which regu-
late the expression of key genes contributing to vascular bi-
ology. On the other hand, it is suggested that PPAR activa-
tion may reduce inflammation and reduce atherosclerosis
(13, 14).

The TLR-like receptors are another group of genes in-
volved in atherosclerosis development. They are a family
of pattern recognition receptors that play a key role in in-
nate immune responses against microbial agents (15). Re-
cent studies have declared that some of these receptors may
be up-regulated in atherosclerotic conditions and help dis-
ease progression (16). So, applying and designing new
drugs based on their expression changes in CAD and ather-
osclerosis may provide new insights into patients' treatment
processes and outcomes.

In these circumstances, the expression detection of dis-
ease-causing genes or those that contributed to its patho-
genesis is effective in cardiovascular patients to imagine
changes and modifications in their expression and benefit
from disease-targeted therapy (17). Moreover, by modula-
tion of these genes' expression with specific agonists and
antagonists, an effective step would be taken in managing,
following up, and treating these diseases.

Inflammation is one of the factors in the pathogenesis of
CAD. Many genes and molecular pathways are involved in
the regulation of inflammation. However, some genes have
a regulatory role and control immune responses. In recent
studies, few studies have been done regarding the role of
TLRs and PPARs in CAD. Hence, the present study aimed
to determine and compare the mRNA expression of PPAR-
o and PPAR-y genes and genes of the innate immune sys-
tem messenger pathway, including TLR2 and TLR4, in
CAD patients in comparison to normal individuals.

Table 1. Primer sequences used in this study

Methods

Study design and participants

This case-control study was conducted on 12 patients re-
ferred to clinics (cardiovascular disease of Rasoul Akram
hospital) for angioplasty due to atherosclerotic plaque and
10 healthy individuals as the control group. The study was
approved by the institutional ethics committee of Urmia
University of Medical Science, and written informed con-
sent was obtained from all subjects before inclusion.

Inclusion criteria included age >50 and coronary artery
stenosis due to atherosclerotic plaque approved by a spe-
cialist. Exclusion criteria included patients with comorbid-
ity of hepatic enzyme disorders or thyroid and kidney dis-
ease; patients consuming any specific medication, smok-
ing, or alcohol abuse. Patients' demographic information
was collected through interviews and their medical records.
Patients with a discharge fraction (EF) of less than fifty per-
cent were included.

The patient's peripheral blood was poured into sterile
CBC tubes containing EDTA, and peripheral blood mono-
nuclear cells (PBMCs) were isolated using density-gradient
(Ficoll) according to its standard protocol.

RNA extraction and cDNA production

RNA extraction from mononuclear peripheral blood cells
was performed using Gene All Trizol LS. The purity was
examined by the Nanodrop (OD 260 / 280 nm ratio > 1.8)
(Thermo Scientific, USA), and its quality was checked by
observing ribosomal RNAs 18 s and 28 s bands on gel elec-
trophoresis. The cDNA production (using Yekta Tajhiz
Azma, Iran) was performed by PCR in conditions: 30 sec
at 95°C, then 40 cycles at 95 C for 5 s denaturation, 60°C
for 15 s annealing and 72 C for 32 s extension.

Reverse transcription-polymerase chain reaction

SYBR™ Green Real-Time PCR assay was carried out
using qRT-PCR (Rotor-Gene 6000, Qiagen). The total re-
action in the Real-Time PCR assay was 20 pL, including
10 puL of Eva Green Real-Time PCR Master Mixes (Am-
plicon, Denmark), 0.2 uL of both forward and reverse pri-
mers, 8.6 pL distilled water, and 1 pL of template cDNA.
The expression level of target genes was analyzed by the
AACT method. Primer sequences were shown in Table 1,
and the GAPDH was used as a housekeeping gene. The
Real-time PCR amplification efficiency was calculated us-

ing the following formula: Efficiency of PCR = [10 ¢!/
Slope)]_l

Gene Forward Product size
PPAR-a F: ATGGCATCCAGAACAAGGAG 176 bp
R: GGCGAATATGGCCTCATAAA
PPAR-y F: AGAAATGAATCAAAGGCAGCCG 169 bp
R: CAGCAGCAGCAGCAACAAG
TLR?2 F: ATACTCCAATCAGGCTTCTCT 163 bp
R: ACACCTCTGTAGGTCACTGTTG
TLR4 F: ATATTGACAGGAAACCCCATCCA 300 bp
R: AGAGAGATTGAGTAGGGGCATTT
GAPDH F: GAGCCACATCGCTCAGACAC 150 bp
R: CATGTAGTTGAGGTCAATGAAGG
2 http://mjiri.iums.ac.ir
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Statistical analysis

The assessment of gene expression level was performed
using 2"44¢t | Data were analyzed by SPSS software (ver-
sion 20). The normal distribution of data was evaluated by
the Shapiro ilk and Kolmogorov Smirnov tests. Quantita-
tive data were reported as mean + standard deviation. The
t-test sample and the related non-parametric tests were used
to investigate the relationship between the quantitative var-
iables. The significance level in all tests was considered as
less than 0.05.

Results

The present study was carried out on 12 patients with a
mean age of 55.2 + § years and 10 healthy control groups
with a mean age of 54.17 &+ 7.3 years. The study included 5
males and 5 females in the healthy control group and 7
males and 5 females in the patients group.

Data analysis using t-test and comparison of mean ACT
showed that the expression levels of TLR2 and TLR4 were
increased in cases compared to the control group
(P=0.001). Moreover, high expression levels were detected
for PPARa and PPARy in patients compared to healthy
participants (P=0.234). The relative expression is shown in
Figure 1.
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Discussion

Atherosclerosis is a chronic inflammatory disease involv-
ing innate and acquired immune systems. Although the dis-
ease's main mechanisms are controversial, studies in ani-
mals and human populations suggest that immune and in-
flammation regulatory cells directly contribute to the devel-
opment of atherosclerotic plaques (18). However, studies
regarding aberrant gene expression in this disorder continue
to find more evidence about its exact mechanism. Thus, we
performed the present study and found that the expression
of TLR-2 and TLR-4 genes in the patient groups signifi-
cantly increased compared to the control group. Since
TLRs activate macrophages through binding to specific lig-
ands such as lipopolysaccharide and oxidized LDL; macro-
phages subsequently increase the production of inflamma-
tory agents, we supposed that TLR upregulation enhances
an accelerated atherosclerosis plaque formation and subse-
quently disease presentation. Inline, several studies have
proved that the expression of TLR2 and TLR4 was in-
creased in atherosclerotic plaques and blood samples that
represented the association of these receptors with disease
severity (16, 18).

For instance, in accordance with our findings, Meng Liu
et al. revealed that TLR2 and TLR4 were significantly up-
regulated in CAD patients (19). Lukas Andreas Heger et al.
also exhibited the high expression of TLR2 mRNA in acute
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Figure 1. The comparison of relative expression of 7LR2, TLR4, PPAR-a, and PPAR-y genes between case and control groups. Error bars represent

the standard deviation.
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coronary syndrome (ACS), which is a marker of inflamma-
tion's relationship with ACS and atherosclerosis severity
(20). Similarly, in a study by Liang Shao et al., it was indi-
cated that TLR-4 mRNA expression was significantly ele-
vated in coronary artery stenosis (21). Since TLR-4 expres-
sion was raised by oxLDL, a macrophage stimulator in
foam cells, it is thought that TLR-4 may have a critical
function in plaque formation (22). Additionally, TLR-2 and
TLR-4 may exert a role in atherosclerosis progression
through the regulation of the NF-kB signaling pathway af-
ter activation by fatty acids (23, 24). Accordingly, it seems
that TLR2 and 4 higher levels could be considered target
genes and that their inhibition or reduced expression could
be effective in preventive measures or disease manage-
ment.

The present study results also showed that the expression
of PPAR-a and PPAR-y genes increased in the patient
group compared to the control group, but this increase was
not statistically significant. In this regard, it is demonstrated
that the underlying mechanism of the PPARs effect goes
back to the fact that PPAR-a and PPAR-y activation can
reduce disease-causing inflammation by increasing the ad-
iponectin performance and obstructing macrophage activa-
tion. Unfortunately, studies researching the expression of
these two genes were not enough to compare, but similar to
our findings, Wen Gao et al. also reported an increase in
PPAR-a expression in atherosclerotic and they assumed
that it played an inhibitory role (23). Furthermore, in the
study conducted by Sueyoshi et al., a PPAR gamma upreg-
ulation was obtained in studied plaques, and they proposed
that PPAR gamma higher expression may be due to the lo-
cal macrophages in early plaques, which was also observed
in the present study. In contrast, a study by Constantinos
Giaginis et al. who have been investigated the PPAR
gamma expression in 134 atherosclerosis plaques and
demonstrated that in most samples, PPAR expression was
reduced in smooth muscle cells and macrophages, which
was contrary to the results of the present study (25). Hua et
al. showed that the increased expression of PPAR-y in CAD
patients can cause the production of reactive oxygen spe-
cies (ROS) and ultimately aggravate the disease (26).

However, given the numerous and widespread applica-
tions of the PPAR family in lipid homeostasis, it would not
be surprising to play an important role in atherosclerosis
(11). Since the best, PPAR-a endogenous ligands are PUFA
fatty acids and the most cells that express PPAR-y are those
involved in atherosclerosis, such as primary macrophages
and vascular smooth muscle cells, PPAR-o and PPAR-y ac-
tivation probably reduces the risk of cardiovascular disease
(27, 28). Therefore, activating the PPAR gene group at the
earlier phases of plaque formation is probably one of the
most important causes of cardiovascular disease risk reduc-
tion (29, 30). In agreement, multiple studies claimed that
the PPAR-a and PPAR-y genes could limit and reduce pro-
inflammatory responses and inflammation events resulting
in atherosclerosis inhibition (30).

Although the results of some studies contradict our find-
ings, it can be explained by the fact that in the early plaques,
the increase in PPAR expression is a disease-fighting mode,
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but with the progression of the disease, this effect de-
creases, and no increase in expression is observed. Proba-
bly the reason for this similarity was that plaques had just
formed in the patients studied. However, their exact role
and mechanism of action remain to be controversial.

In general, from the above topics, it can be claimed that
the activation of PPARa and PPAR-y genes may lead to the
limitation and reduction of inflammation and, thus, the re-
duction of atherosclerosis at early stages of plaque for-
mation. On the other hand, activating or increasing the ex-
pression of TLR-2 and TLR-4 genes causes the progression
and spread of plaques and thus atherosclerosis. Therefore,
more studies of the expression of these genes are of great
importance. Finally, assessing the preventive and therapeu-
tic potential of using PPAR and TLR gene ligands in many
cardiovascular diseases, including atherosclerosis, requires
a better understanding of the molecular mechanisms in-
volved in the disease pathogenesis.

This study had a series of limitations. In this study, only
the genes related to inflammation were evaluated, and their
relationship with the treatment process of the patients was
not investigated. Also, signaling pathways related to genes
were not evaluated.

Conclusion

The present study's results demonstrated that TLR recep-
tors increase in atherosclerosis at the lesion site and that
their expression is associated with an increased risk of dis-
ease. On the other hand, it can be said that the increased
expression of TLR4 activates endothelial cells and macro-
phages, and the presence of this receptor itself causes the
differentiation of cells into antigen-presenting cells, and
TLR2 leads to the resulting reaction. Perhaps this finding
can be used to find new treatments based on inhibition of
gene expression.

Authors’ Contributions

Mahboubeh Pazoki and Mahbobe Abbasluo write the
manuscript. Mahya Bakhshi Ardakani was done the exper-
imental procedure. Negar Jafari has conducted the data col-
lection.

Ethical Considerations

The authors declare no conflict of interest. All procedures
performed in this study were in accordance with the ethical
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments or a comparable ethical strand
(IR.UMSU.REC.1403.061).

Acknowledgment
We wish to thank all our colleagues at the Urmia Univer-
sity of Medical Sciences.

Conflict of Interests
The authors declare that they have no competing interests.


http://dx.doi.org/10.47176/mjiri.38.128
https://mjiri.iums.ac.ir/article-1-9356-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-12-11 ]

[ DOI: 10.47176/mjiri.38.128 ]

References

1.Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E,
Baddour LM, et al. Global burden of cardiovascular diseases and risk
factors, 1990-2019: update from the GBD 2019 study. J Am Coll
Cardiol. 2020;76(25):2982-3021.

2.Zadeh FJ, Akbari T, Zayeri ZD, Samimi A, Davari N, Rezaeeyan H. The
role of molecular mechanism of Ten-Eleven Translocation2 (TET2)
family proteins in pathogenesis of cardiovascular diseases (CVDs). Mol
Biol Rep. 2020;47(7):5503-9.

3.Haybar H, Rezaceyan H, Shahjahani M, Shirzad R, Saki N. T-bet
transcription factor in cardiovascular disease: Attenuation or
inflammation factor? J Cell Physiol. 2019;234(6):7915-22.

4.Sharbaf FR, Movahed F, Pirjani R, Teimoory N, Shariat M, Farahani Z.
Comparison of fetal middle cerebral artery versus umbilical artery color
Doppler ultrasound for predicting neonatal outcome in complicated
pregnancies with fetal growth restriction. Biomedical research and
therapy. 2018;5(5):2296-304.

5. Asadbeygi A, Lee S, Kovalchin J, Hatoum H. Predicting hemodynamic
indices in coronary artery aneurysms using response surface method:
An application in Kawasaki disease. Comput Methods Programs
Biomed. 2022;224:107007.

6. Asadbeygi A, Lee S, Kovalchin J, Hatoum H. Effect of beta blockers on
the hemodynamics and thrombotic risk of coronary artery aneurysms in
Kawasaki disease. J Cardiovasc Transl Res. 2023;16(4):852-61.

7.Wolf S, Schievano E, Amidei CB, Kucher N, Valerio L, Barco S, et al.
Mortality trend of ischemic heart disease (2008—2022): A retrospective
analysis of epidemiological data. Int J Cardiol. 2024;406:132042.

8.Harrington RA. Targeting Inflammation in Coronary Artery Disease. N
Engl J Med. 2017 Sep 21;377(12):1197-1198.

9.Maxwell JM, Russell RA, Wu HM, Sharapova N, Banthorpe P, O’Reilly
PF, et al. Multifactorial disorders and polygenic risk scores: predicting
common diseases and the possibility of adverse selection in life and
protection insurance. Annals of Actuarial Science. 2021;15(3):488-503.

10. Lu Y, Thavarajah T, Gu W, Cai J, Xu Q. Impact of miRNA in
atherosclerosis. Arterioscler Thromb Vasc Biol. 2018;38(9):e159-¢70.

11. Duval C, Chinetti G, Trottein F, Fruchart J-C, Staels B. The role of
PPARSs in atherosclerosis. Trends Mol Med. 2002;8(9):422-30.

12. Kalbassi S, Radfar L, Azimi M, Shadanpoor S, Ranjbary AG. A
Comparison of the Characteristics of Cytokine Storm between Lichen
Planus and Oral Squamous Cell Carcinoma. Asian Pac J Cancer Prev.
2022;23(11):3843.

13. Xu P, Zhai Y, Wang J. The role of PPAR and its cross-talk with CAR
and LXR in obesity and atherosclerosis. Int J Mol Sci. 2018;19(4):1260.

14. Aghaei HN, Azimi P, Shahzadi S, Azhari S, Mohammadi HR,
Alizadeh P, et al. Outcome measures of functionality, social interaction,
and pain in patients with cervical spondylotic myelopathy: a validation
study for the iranian version of the copenhagen neck functional
disability scale. Asian Spine J. 2015;9(6):901.

15. Fitzgerald KA, Kagan JC. Toll-like receptors and the control of
immunity. Cell. 2020;180(6):1044-66.

16. Sun D, Wu Y, Wang H, Yan H, Liu W, Yang J. Toll-like receptor 4
1511536889 is associated with angiographic extent and severity of
coronary artery disease in a Chinese population. Oncotarget.
2017;8(2):2025.

17. Parizadeh SM, Ghandehari M, Heydari-Majd M, Seifi S, Mardani R,
Parizadeh SM, et al. Toll-like receptors signaling pathways as a
potential therapeutic target in cardiovascular disease. Curr Pharm Des.
2018;24(17):1887-98.

18. Wolf D, Ley K. Immunity and inflammation in atherosclerosis. Circ
Res. 2019;124(2):315-27.

19. Liu M, Jiang S, Ma Y, Ma J, Hassan W, Shang J. Peripheral-blood
gene expression profiling studies for coronary artery disease and its
severity in Xinjiang population in China. Lipids Health Dis. 2018;17:1-
10.

20. Heger LA, Hortmann M, Albrecht M, Colberg C, Peter K, Witsch T,
et al. Inflammation in acute coronary syndrome: expression of TLR2
mRNA is increased in platelets of patients with ACS. PLoS One.
2019;14(10):¢0224181.

21. Shao L, Zhang P, Zhang Y, Lu Q, Ma A. TLR3 and TLR4 as potential
clinically biomarkers of cardiovascular risk in coronary artery disease
(CAD) patients. Heart and vessels. 2014;29:690-8.

22. Yang K, Liu X, Liu Y, Wang X, Cao L, Zhang X, et al. DC-SIGN and
Toll-like receptor 4 mediate oxidized low-density lipoprotein-induced
inflammatory responses in macrophages. Sci Rep. 2017;7(1):3296.

M. Abbasluo, et al.

23. Soeki T, Sata M. Inflammatory biomarkers and atherosclerosis. Int
Heart J. 2016;57(2):134-9.

24. Roshan MH, Tambo A, Pace NP. The role of TLR2, TLR4, and TLR9
in the pathogenesis of atherosclerosis. Int J Inflam.
2016;2016(1):1532832.

25. Giaginis C, Giagini A, Theocharis S. Peroxisome proliferator-
activated receptor-y (PPAR-y) ligands as potential therapeutic agents to
treat arthritis. Pharmacol Res. 2009;60(3):160-9.

26. Hua B, Liu Q, Gao S, Li W, Li H. Protective role of activating PPARy
in advanced glycation end products-induced impairment of coronary
artery vasodilation via inhibiting p38 phosphorylation and reactive
oxygen species production. Biomed Pharmacother. 2022;147:112641.

27. Oppi S, Nusser-Stein S, Blyszczuk P, Wang X, Jomard A, Marzolla
V, et al. Macrophage NCORI1 protects from atherosclerosis by
repressing a pro-atherogenic PPARy signature. Eur Heart J.
2020;41(9):995-1005.

28.Yin L, Wang L, Shi Z, Ji X, Liu L. The role of peroxisome proliferator-
activated receptor gamma and atherosclerosis: Post-translational
modification and selective modulators. Front Physiol. 2022;13:826811.

29. Hu W, Li K, Han H, Geng S, Zhou B, Fan X, et al. Circulating levels
of CILP2 are elevated in coronary heart disease and associated with
atherosclerosis. Oxid Med Cell Longev. 2020;2020(1):1871984.

30. Gao Q, Wei A, Chen F, Chen X, Ding W, Ding Z, et al. Enhancing
PPARy by HDAC inhibition reduces foam cell formation and
atherosclerosis in  ApoE  deficient mice. Pharmacol Res.
2020;160:105059.

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2024 (5 Nov); 38:128. 5



http://dx.doi.org/10.47176/mjiri.38.128
https://mjiri.iums.ac.ir/article-1-9356-en.html
http://www.tcpdf.org

