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Abstract

Background and aim The primary factor in sudden cardiac death is coronary artery disease. We intended to discover
the diagnostic worth of circulating tumor necrosis factor like cytokine 1A (TL1A) and free fatty acid receptor 2 (FFAR2)
as early, noninvasive indicators for individuals with stable angina (SA) and unstable angina (UA).

Methods In all, 90 people were enrolled in the current case—control study: 30 patients with SA, 30 patients with UA,
and 30 healthy volunteers. Circulating TLTA and FFAR2 gene expression levels were evaluated by quantitative real-
time polymerase chain reaction (QRT-PCR). FBG, TC, TG, and HDL-C were assessed by spectrophotometry, while hs-CRP
and troponin T were measured by ELISA.

Results Circulating TL1A expression was significantly elevated in SA (P<0.001) and UA patients (P<0.001) as com-
pared to controls and also was significantly higher in UA patients (P<0.001) as compared to SA patients. Circulating
FFAR2 expression was significantly decreased in SA (P<0.001) and UA patients (P<0.001) in comparison with controls
and was significantly lowered in UA patients (P=0.001) in comparison with SA patients. Our results show that TLTA
and FFAR2 were sensitive and specific biomarkers for discriminating SA patients from controls. Moreover, TLT1A and
FFAR2 displayed a remarkable ability to distinguish UA from SA. Multivariate regression analysis revealed that TL1A,
FFAR2, FBG, TC, TG, LDL-C, and Troponin T were independent risk factors for SA, while TL1A, TG, and hs-CRP were
independent risk factors for UA. TLTA has a significant positive correlation with LDL-C (r=0.406, P=0.001), hs-CRP
(r=0.673,P<0.001), and troponin T (r=0.653, P<0.001). There was a significant inverse relationship between FFAR2
and each of TL1A (r= — 0.858, P<0.001), FBG (r= — 0.325, P=0.011), TC(r= — 0.306, P=0.017), TG (r= — 0.368,
P=0.004), LDL-C (r= — 0413, P=0.001), hs-CRP (r= — 0.737, P<0.001), and troponin T (r= — 0.715, P<0.001).
Conclusion Gene expression of TLTA and FFAR2 is a good new blood-based molecular indicator for early detec-

tion of SA and UA. Early detection of a possible UA is crucial for initiating appropriate treatment that results in better
patient health.
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Introduction
Blood flow to the myocardium is reduced by disorders
known as coronary artery disease (CAD). The primary
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factor in sudden cardiac death worldwide. [2]. Two clini-
cal types of CAD are SA and ACS, which includes UA
and acute myocardial infarction (AMI) [3]. The higher
risk of death is tightly linked to ACS [4].

Physicians must perform early clinical identifica-
tion and accurate CAD diagnosis to begin appropriate
therapy and, as a result, avert unexpected cardiac death.
Coronary angiography, however, the most effective
invasive method for identifying CAD patients, has cer-
tain disadvantages, such as a high price, radiation risks,
and restricted accessibility. Therefore, there is a clinical
necessity to identify novel biomarkers found in the blood
for CAD early detection [2].

The tumor necrosis factor (TNF) superfamily has a
new subgroup called TL1A. TL1A affects immune cell
proliferation, activation, and differentiation in a pleio-
tropic manner. It not only induces apoptosis and acti-
vates nuclear factor kappa B (NF-kB), but it also takes
part in lymphocyte activation and proliferation, control
of immune and inflammatory responses in the body, and
the development and advancement of atherosclerosis and
other disorders. TL1A plays a role in atherosclerosis by
producing pro-inflammatory cytokines and chemokines,
as well as reducing plaque stability by activating enzymes
that break down the extracellular matrix [5].

Endothelial cells largely produce TLA1 in response to
stimulation with TNF-a and Interleukin-1 (IL-1). TL1A
levels are elevated in ulcerative colitis patients, and anky-
losing spondylitis, primary biliary cirrhosis, and autoim-
mune rheumatic illness. It was recently discovered that
TL1A has a role in the inflammatory process of coronary
atherosclerosis [6].

FFAR2 has another name; G protein-coupled receptor
43 (GPR43). It is found on chromosome 19q13.1 among
a group of typical intron-free genes. FFAR2 belongs to G
protein-coupled receptor class A. Intestinal bacteria cre-
ate short-chain fatty acids in significant part by ferment-
ing undigested carbohydrates and dietary fibers, which
further activate FFAR2. Seven hydrophobic areas are
found in the FFAR2 protein, which corresponds to the
transmembrane helix. As a signaling molecule, FFAR2
is involved in blood glucose, inflammation, and serum
lipid regulation. Inflammation and elevated levels of glu-
cose and cholesterol in the blood raise the possibility that
healthy persons may be affected by AMI [7].

In the current study, we assessed TL1A and FFAR2
mRNA degrees of expression in SA and UA patients cir-
culating blood. We also tried to evaluate the possibility of
the use of TL1A and FFAR2 as potential biomarkers for
the early detection of SA and UA. Furthermore, we stud-
ied the relationship between TL1A, FFAR2, and some
laboratory parameters to learn more about the patho-
physiology of SA and UA.
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Patients and methods

Study subjects

Case—control research was used in the current study. It
was conducted on 60 patients who attended the cardiac
catheter unit, Cardiology Department, Faculty of Medi-
cine, Assiut University, during the period from January
2021 to July 2021. They were categorized into 30 patients
with SA, and 30 patients with UA. Patient features
were anonymously analyzed in addition to 30 unrelated
healthy controls who were admitted to the hospital with
chest pain, normal cardiac enzyme levels, coronary angi-
ography, and an ECG.

According to the guidelines provided by ACC/AHA, At
least one major epicardial artery must have a stenosis of
50% or higher for there to be CAD, as determined by cor-
onary angiography, CAD was also classified as stable or
unstable [8, 9]. Exclusion criteria for the study comprised
patients with recent AMI, congenital cardiac disease,
cardiomyopathy, heart failure, hepatitis, hepatic failure,
renal failure, blood disorders, malignancy, and autoim-
mune illnesses as arthritis and inflammatory bowel dis-
ease. Subjects’ demographics, full history taking, and
relevant comorbidities were obtained and recorded.

Blood sample collection

After an overnight fast, a total of 5 ml of antecubital
venous blood was obtained from the participants. Two
milliliters of whole blood was placed in EDTA tubes and
maintained at — 80 °C until qRT-PCR analysis of TL1A
and FFAR2, whereas 3 ml of blood was placed in plain
tubes and allowed to coagulate. The serum was obtained
by centrifuging the tubes at 3000 rpm for 20 min at 4 °C
and then storing them at — 20 °C for further analysis of
fasting blood glucose (FBG), lipid profile, hs-CRP, and
troponin T.

Biochemical analyses

Spectrophotometric techniques were used to determine
serum levels of FBG, total cholesterol (TC), triglycerides
(TG), and high-density lipoprotein cholesterol (HDL-
C) using commercially available colorimetric assay kits
(catalog no. GL1320, CH1220, TR2030, and CH1230,
respectively, provided by Biodiagnostic, Egypt) based on
the directions given by the manufacturer. The Friedewald
formula was used to compute low-density lipoprotein
cholesterol (LDL-C):

LDL-Cholesterol =Total cholesterol
— (HDL-Cholesterol + Triglycerides/5)

Human ELISA Kits supplied by OriGene Technolo-
gies, Inc. USA catalog no. EA101010 and RayBiotech,
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Inc. USA catalog no. ELH-Troponin T, respectively, were
used to estimate the level of hs-CRP and Troponin T in
the blood using the ELISA technique by doing what the
manufacturer instructs.

Genetic analysis

Total RNA was extracted from whole blood using
Thermo Scientific GeneJET Whole Blood RNA Purifi-
cation Mini Kit (Catalog number: K0761). For cDNA
reverse transcriptase reactions, Thermo Scientific Rever-
tAid First Strand ¢cDNA Synthesis Kit Catalog num-
ber: K1622 was utilized. The following conditions were
used to PCR amplify cDNA in a thermal cycler:

40 cycles of denaturation for 10 s at 95 °C, annealing
for 30 s at 56 °C, and an extension step for 30 s at 72 °C
were performed after the initial denaturation for 2 min
at 95 °C. Applied Biosystem Step OnePlus software
was used to perform real-time PCR. The reaction uses
Thermo Fisher Scientific’s PowerUp ~ SYBR™ Green
Master Mix, (Catalog number: A25742). The expression
of each gene was normalized to GAPDH as a control and
expressed as a fold change. Using the comparative 272A¢T
approach, relative mRNA expression levels of all investi-
gated genes were calculated [10].

Primer sequence TL1A, FFAR2 and GAPDH were:

TL1A F: 5-AAG GAC AGG AGT TTGCAC CTTCA-
3/
;Re5-AAG TGC TGT GTG GGA GTT TGTCT-3/
FFAR2: F: 5’CTTCGGACCTTACAACGTGTC3'
; R: 3’CTGAACACCACGCTATTGACS
GAPDH: F: 5 TGTGGGCATCAATGGATTTGG3'
; RIYACACCATGTATTCCGGGTCAATS'

Statistical analysis

Continuous data were presented as mean =+ SD, while cat-
egorical variables were presented as a number (%). The
chi-square (x2) test was used to evaluate categorical data.
Based on the normality of the data, the Student’s t test
and Mann—Whitney test were used. A one-way analysis of
variance (ANOVA) was used to examine the comparability
between the groups. Multivariate regression analysis was
performed to determine the most significant predictors for
the stable and unstable angina. Correlations were exam-
ined using Pearson’s correlation coefficient test. Statistical
significance was defined as P<0.05. IBM SPSS software
version 20 (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 7 Software (San Diego, California, USA) were used
to conduct all statistical analyses. MedCalc software was
used to compute the ROC curve and cutoff value.

Page 3 of 9

Results

Clinical characteristics of the study population

The baseline characteristics of the three groups are
presented in Table 1. The SA group (n=30) had 20
males and 10 females (49.37+4.97 years). The UA
group (n=30) consisted of 23 men and 7 women with
47.23+5.49 years average age. The control group
(n=30) had an average age of 48.5+5.06 years and was
made up of 19 males and 11 women. Age, gender, BMI,
diabetes, hypertension, or smoking did not display sig-
nificant differences across the three groups (P> 0.05).
FBG, TC, TG, LDL-C, hs-CRP, and troponin T levels
were significantly higher in SA patients than in con-
trols, as well as in UA patients than in SA patients. The
HDL-C of the SA patients, on the other hand, was sig-
nificantly lower than that of the controls and in UA was
lower than that of SA. Table 1 displays all of the data in
detail.

Gene expression pattern of circulating TL1A and FFAR2
Fold change gene expression of TL1A and FFAR2 in
the three studied groups is presented in Fig. 1. When
comparing SA and UA patients to controls, there was a
significant increase in TL1A fold change gene expres-
sion (P<0.001). Furthermore, the level of TL1A expres-
sion in UA patients was significantly higher than in SA
patients (P <0.001). In terms of FFAR2 fold change gene
expression, compared to controls, SA and UA patients
both had considerably lower levels. (P <0.001). Further-
more, it was significantly lower in UA patients than in
SA patients (P=0.001).

Diagnostic significance of circulating TL1A and FFAR2 gene
expression in SA and UA patients.

A receiver operating characteristic (ROC) curve analy-
sis was used to explore the diagnostic accuracy of cir-
culatory TL1A and FFAR2 as possible biomarkers of
SA and UA. With an area under the curve (AUC) of
0.971 and 0.891, cutoff>2.3762 and <0.6885, sensitiv-
ity 96.67% and 96.67%, specificity 93.33% and 86.67%,
respectively, the ROC curves of TL1A and FFAR
revealed a considerable separation between SA patients
and controls (Fig. 2A). Similarly, with AUCs of 0.949
and 0.987, cutoffs >26.946 and < 0.0169, sensitivity 90%
and 93.33%, and specificity 96.67% and 96.67%, respec-
tively, the ROC curves of TL1A and FFAR2 indicated a
significant capacity to differentiate between SA and UA
patients (Fig. 2B). These findings suggested that circu-
lating TL1A and FFAR2 could be employed as potential
early diagnostic biomarkers for SA and UA.
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Table 1 Demographic, clinical, and biochemical characteristics of participants

Controls (n=30) SA (n=30) UA (n=30) P1 P2 P3 P4
Age (Years)

Mean +SD 48.5+5.06 4937+£497 47.23+£549 0.281 0.519 0.346 0.114
Sex

Male n (%) 19 (63.3) 20 (66.7) 23(76.7) 0.510 0.787 0.260 0.390

Female n (%) 11 (36.7) 10(33.3) 7(23.3)

BMI (kg/m?)

Mean £ SD 28.143+1.76 29.01£286 28.66+£2.04 0.339 0.145 0.381 0.556
DM n (%) 6 (20) 11 (36.7) 13 (43.3) 0.142 0.152 0.052 0.598
Hypertension n (%) 8(26.7) 13 (43.3) 14 (46.7) 0.235 0.176 0.108 0.795
Smoking n (%) 7(233) 12 (40) 11 (36.7) 0.350 0.165 0.260 0.791
FBG (mg/dl)

Mean £ SD 96.13+£26.72 133.23+55.89 182.9490.11 <0.001 0.025 <0.001 0.003
TC (mg/dl)

Mean +SD 1364+£1223 182.57+£63.94 2206347026 <0.001 0.002 <0.001 0.009
TG (mg/dl)

Mean £ SD 91.83+1865 139.6+£44.44 20397 +43.82 <0.001 <0.001 <0.001 <0.001
HDL-C (mg/dl)

Mean +SD 42.1+£654 39.23+258 36.67+4.15 <0.001 0.021 <0.001 0.038
LDL-C (mg/dl)

Mean 4SD 85.83£10.71 1223342934 165.374+38.87 <0.001 <0.001 <0.001 <0.001
hs-CRP (mg/L)

Mean £+ SD 148+0.63 1.82+£054 44540.69 <0.001 0.037 <0.001 <0.001
Troponin T (ug/L)

Mean £+ SD 0.0198 +0.009 0.051£0.013 0.1254£0.047 <0.001 <0.001 <0.001 <0.001

The data are presented as the mean & SD or number (%) of patients

BMI body mass index, DM diabetes mellitus, FBG fasting blood glucose, HDL-C high-density lipoprotein cholesterol, hs-CRP high-sensitivity C-reactive protein, LDL-C
low-density lipoprotein cholesterol, SA stable angina, SD standard deviation, TC total cholesterol, TG triglycerides, UA unstable angina;, and p value <0.05 is considered

statistically significant

One-way ANOVA followed by LSD post hoc test was used for multiple comparisons. Chi-square test was used to compare proportions between groups. P1:
Comparison between groups; P2: Comparison between Controls and SA; P3: Comparison between controls and UA; P4: Comparison between SA and UA
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Fig. 1 Fold change gene expression (2A-AACt) of TL1A and FFAR2 in SA and UA patients and controls. The data are presented as the mean =+ SEM.
FFAR2 free fatty acid receptor 2, SA stable angina, SEM Standard error of mean, TL1A tumor necrosis factor like cytokine 1A, UA unstable angina, and
P value <0.05 is considered statistically significant
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Fig. 2 Receiver operating characteristics (ROC) curve illustrating the diagnostic value of TL1A and FFAR2 in discriminating A SA from controls and B
SA from UA. FFAR?2 free fatty acid receptor 2, SA stable angina, TL1A tumor necrosis factor like cytokine 1A, UA unstable angina

Multivariate regression analysis: predictors of SA and UA
Multivariate regression analysis revealed that TL1A,
FFAR?2, FBG, TC, TG, LDL-C, and Troponin T are sig-
nificant predictors for stable angina while TL1A, TG,
and hs-CRP are significant predictors for unstable
angina (Table 2).

Correlation between TL1A and FFAR2 with clinical
characteristics in SA and UA patients

We also investigated the correlations of gene expression
levels of TL1A and FFAR2 with clinical characteristics
in patients with SA and UA. TL1A has a significant posi-
tive correlation with LDL-C (r=0.406, P=0.001), hs-CRP
(r=0.673, P<0.001), and troponin T (r=0.653, P<0.001),
according to our findings (Fig. 3B—D). There was a signifi-
cant inverse relationship between FFAR2 and each of TL1A
(r= — 0.858, P<0.001), FBG (r= — 0.325, P=0.011), TC
(r=—0.306, P=0.017), TG (r= — 0.368, P=0.004), LDL-C
(r= — 0413, P=0.001), Hs-CRP (r= — 0.737, P<0.001)
and troponin T (r= — 0.715, P<0.001); (Fig. 3A, E-J).

Discussion

CAD is a chronic inflammatory condition that pro-
gresses from chest discomfort to SA and then to severe
UA or AMI [11]. Early and precise diagnosis is critical
for effective intervention to improve disease progno-
sis and reduce the risk of AMI [12]. To the best of our
knowledge, the present study is the first study that eval-
uated the circulating TL1A and FFAR2 gene expression
in SA and UA patients.

Table 2 Multivariate regression analysis to determine the
independent predictors for stable and unstable angina

Characteristics Beta coefficient 95% Cl PValue
Stable angina

TL1A (Fold change) 0.267 0.006-0.020 <0.001
FFAR2 (Fold change) —0.153 —0.222 to — 0.009 0.034
FBG (mg/dl) 0.182 0.001-0.003 0.001
TC (mg/dl) 0.157 0.000-0.003 0.011
TG (mg/dl) 0.160 0.000-0.004 0.022
HDL-C (mg/dl) —0.045 — 0.015-0.006 0397
LDL-C (mg/dl) 0214 0.002-0.006 0.001
hs-CRP (mg/L) —0.038 —0.122-0.059 0487
Troponin T(ug/L) 0.272 2.701-11.526 0.002
Unstable angina

TL1A (Fold change) 0324 0.005-0.011 <0.001
FFAR2 (Fold change) — 0.096 — 0.465-0.045 0.104
FBG (mg/dl) 0.046 0.000-0.001 0.270
TC (mg/dl) 0.002 — 0.001-0.001 0.963
TG (mg/dl) 0.197 0.001-0.003 0.001
HDL-C (mg/dl) —0.058 — 0.020-0.005 0.207
LDL-C (mg/dl) 0.056 0.000-0.002 0232
hs-CRP (mg/L) 0.381 0.080-0.184 <0.001
Troponin T(ug/L) 0.094 —0.222-2.084 011

Bold values indicate P value is significant

Cl confidence interval, FBG fasting blood glucose, FFAR2 free fatty acid receptor
2, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, hs-CRP high-sensitivity C-reactive protein, TC total cholesterol, TG
triglycerides, TL1A tumor necrosis factor like cytokine 1A, and P value <0.05 is
considered statistically significant

The level of circulating TL1A gene expression was
evaluated in this study. In comparison with controls, it
was significantly upregulated in SA and UA patients. It
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was also significantly elevated in UA patients than in SA
patients. By obtaining AUC values from the ROC curve,
we investigated the diagnostic potential of circulating
TL1A gene expression levels. With an AUC of 0.971,
96.67% sensitivity, and 93.33% specificity, we found that
TL1A can distinguish SA from controls. We also found
that TL1A has the ability to distinguish SA from UA, with
an AUC of 0.949, 90% sensitivity, and 96.67% specificity.
Furthermore, our results revealed that TL1A significantly
predicts SA and UA.

Unstable angina is typically caused by thrombotic reac-
tions triggered by the rupture of unstable plaque [13]. A
fibrous cap composed of vascular smooth muscle cells
and extracellular matrix molecules keeps atherosclerotic
plaques stable. TL1A, on the other hand, can promote
the synthesis of matrix metalloproteinases 1, 9, and 13 in
monocytes by interacting with DR3 [14]. The fibrous cap
may then be degraded by these matrix metalloprotein-
ases, resulting in plaque rupture and, as a result, acute
symptoms [15]. This mechanism may explain the upregu-
lation of TL1A in SA and UA.

Our findings are consistent with those of Chen et al. [5]
who revealed that levels of TL1A in the UA group’s coro-
nary and peripheral blood and plasma were greater than
those in the control group. Also, the present study goes
hand in hand with a study conducted by Li et al. [15] who
indicated the high sensitivity and specificity of TL1A and
the possibility that it may be a potentially valuable bio-
marker for diagnosing CAD. Endothelial cells produce
the majority of the TLA1 gene in response to TNF-a and
IL-1 stimulation. DR3 is a soluble cell surface receptor
that regulates apoptosis, promotes actin rearrangement,
and causes endothelial cells to release intercellular adhe-
sion molecule 1, vascular cell adhesion molecule 1, and
interleukin 8. TL1A activates DR3, which activates sev-
eral inflammatory pathways.

The level of TL1A has previously been used to assess
severity and prognosis in CAD patients who require
coronary artery bypass grafting. TL1A and DR3 plasma
levels were considerably higher in patients with CAD
compared to controls, suggesting that they play a role in
CAD development [15].

The current study measured hs-CRP and troponin
T, the gold standards for detecting CAD, in patients

(See figure on next page.)
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with SA and UA. Lipid profile and FBG levels were also
assayed, as well as correlated with TL1A. Significant pos-
itive correlations between TL1A and hs-CRP, troponin T,
and LDL-C were found. These findings were in line with
those of Akyiiz et al. [6] who discovered a correlation
between hs-CRP and TL1A levels, suggesting that raised
TL1A levels in CAD may have a pro-inflammatory effect
comparable to increased CRP levels. The fact that TL1A
levels were an independent CAD predictor shows that
TL1A’s role in inflammation is complementary to that of
hs-CRP.

In agreement, Stamatelopoulos et al. investigated
the role of TL1A in the development of atheromatous
plaques and found that it can be utilized to diagnose
and predict prognosis in individuals with stable CAD
and ACS. This could explain why TL1A plays a patho-
genic role in atherosclerosis and plaque disruption [16].
Anti-TNF monoclonal antibodies or the next generation
of anti-TNF drugs that block TL1A-mediated interac-
tions may have therapeutic significance in cardiovascu-
lar disease [17]. Additionally, Chen et al. [5] noticed that
coronary TL1A levels were substantially linked with
peripheral TL1A levels as well as TL1A levels in coronary
thrombus and local plaques. The fact that TL1A has been
associated with coronary thrombus burden, inadequate
coronary flow/no coronary reflow, and these conditions
suggests that it plays a role in both the rupture of small
atherosclerotic plaques and the thrombosis of the coro-
nary artery.

This underpins the significance of the biomarker in the
diagnosis of SA patients. Its increased level of expression
in patients with UA may also be a potential indicator of a
bad prognosis.

Short-chain fatty acids play a role in the cellular
metabolism of fatty acids, glucose, and cholesterol in a
variety of peripheral tissues, both directly and geneti-
cally. Because of their immunoregulatory properties
and impact on the metabolism of lipids, cholesterol,
and glucose, short-chain fatty acids may help to create
metabolic conditions that support the preservation or
restoration of endothelial function, thereby reducing
the risk of cardiovascular disease onset or progression
[18].

Fig. 3 Correlation between: ATL1A and FFAR2; BTL1A and LDL-C; CTL1A and hs-CRP; D TL1A and troponin T; E FFAR2 and FBG; F FFAR2 and TC; G
FFAR2 and TG; H FFAR2 and LDL-C; I FFAR2 and hs-CRP; J FFAR2 and troponin T among 30 SA and 30 UA patients. Significant positive correlation was
found between TL1A and each of B LDL-C (r=0.406, P=0.001); C hs-CRP (r=0.673, P<0.001) and D troponin T (r=0.653, P<0.001). A significant
negative correlation was found between FFAR2 and each of ATL1A (r= — 0.858, P<0.001); E FBG (r= — 0.325, P=0.011); FTC (r= — 0.306,
P=0.017); GTG (r= — 0.368, P=0.004); H LDL-C (r= — 0413, P=0.001); l hs-CRP (r= — 0.737,P<0.001) and J troponin T (r= — 0.715, P<0.001).
FBG fasting blood glucose, FFAR2 free fatty acid receptor 2, hs-CRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol, r
correlation coefficient, TC total cholesterol, TG triglycerides, TL1A tumor necrosis factor like cytokine 1A, and P value < 0.05 is considered statistically

significant
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Free fatty acid receptor 2 (FFAR2) is a member of G
protein-coupled receptors [19]. Enteroendocrine, pan-
creatic B, Adipocytes, and different inflammatory cells
such as neutrophils and macrophages all express FFAR2.
FFAR2 expression in the liver has not been reported.
Short-chain fatty acids acetate and propionate, followed
by butyrate, are the major gut microbial metabolites that
FFAR?2 selectively binds [20]. This provides a method by
which the gut microbiota can influence various physi-
ological processes in multiple cells. FFARs have become
prospective targets in many pathophysiological circum-
stances as a metabolic modulator of various metabolic
diseases due to their extensive distribution and activity
as a signaling molecule involved in regulating multiple
metabolic homeostatic systems in the human body [21].

The present study looked into FFAR2 gene expression
and revealed a significant reduction in FFAR2 fold change
gene expression in both SA and UA patients when com-
pared to controls, with UA patients having significantly
lower expression than SA patients. The ROC curve for
FFAR?2 revealed that at AUC (0.891), it had 96.67% sensi-
tivity and 86.67% specificity, implying that it might be used
as a biomarker for early diagnosis of SA. We also found
that FFAR2 has can discriminate SA from UA, with an
AUC of 0.987, 93.33% sensitivity, and 96.67% specificity.

In support of our results, Ruan et al. [7] found that at
both the gene and protein levels, Patients with AMI had
lower levels of FFAR2 gene expression in their periph-
eral blood than those in the control group. Through
its impact on hormone production and inflammation,
FFAR2 affects lipid metabolism and glucose levels [20].
AMI risk is increased in healthy persons with inflamma-
tion and increased blood glucose, and cholesterol levels.
By modifying the pathways indicated above, low FFAR2
expression could be used as a biomarker for predicting
the occurrence of AMI [7].

Both Gi/o and Gq/11 proteins are known to link to
FFAR?2 [22]. Gq protein signaling increases intracellular
calcium and encourages the activation of the MAPK cas-
cade, whereas signaling via Gi/o proteins limits cAMP
synthesis and activates the ERK cascade [23]. The pro-
inflammatory transcription factor nuclear factor NFk-B
is inhibited by FFAR2’s activation of -arrestin2, which
also reduces the manufacturing of pro-inflammatory
cytokines like interleukin-1p and IL-6 [24]. FFAR2 is
linked to leukocyte migration and cytokine secretion,
suggesting that short-chain fatty acids’ anti-inflammatory
effects are mediated via FFAR2 [25].

The current study found a significant negative cor-
relation between FFAR2 gene expression levels and
other examined biomarkers, including TL1A, FBG, TC,
TG, LDL-C, hs-CRP, and troponin T. The relatively low
expression of the FFAR2 gene, which increases FBG,
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TC, TG, and LDL-C levels, is one of the mechanisms by
which low FFAR2 promotes SA and UA.

The current correlation in this study indicates FFAR2’s
position as an early diagnostic indicator in patients with
SA while being a poor prognostic marker in patients with
UA. FFAR?2 signaling modulates the production of pep-
tide tyrosine tyrosine (PYY) and glucagon-like peptide
1 (GLP-1) and may open the way for FFAR2 to be con-
sidered as a therapeutic target for diabetes, as GLP-1
increases are advantageous in blood glucose regulation
[26]. FFAR?2 is involved in the control of appetite and
insulin signaling in the intestines [27]. In animal model
experiments, acetate, propionate, and butyrate increase
the uptake of cholesterol from the circulation by the liver
and thus decrease plasma cholesterol. Propionate is also a
powerful inhibitor of cholesterol synthesis [28].

It is believed that FFAR?2 is crucial in the human nutri-
tional sensing system. Although studies on these recep-
tors have suggested that they could be used to treat
diabetes and other metabolic disorders [29], their utility
in the treatment of CAD is still up for debate. More pro-
spective studies are needed to look at its level among dif-
ferent forms of CAD, both in the disease’s early and late
phases to see if elevated expression levels could be a tar-
get for early therapy in patients with SA and to prevent
cardiac complications in patients with UA.

Conclusion

The TL1A gene was upregulated and the FFAR2 gene was
downregulated in the circulating blood of SA and UA
patients. TL1A and FFAR2 are sensitive and specific bio-
markers for discriminating SA from controls and for distin-
guishing UA from SA. TL1A and FFAR2 are independent
risk factors for SA. However, TL1A and not FFAR2 is an
independent predictor for UA. Our findings suggest that
TL1A and FFAR?2 are hopeful and useful blood biomarkers
for the early detection of SA and UA, as well as for the early
management and prevention of cardiac injury.
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