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Cardiovascular disease (CVD) represents the leading global health challenge,
encompassing a range of conditions that affect the heart and blood vessels,
collectively accounting for nearly one-third of all deaths worldwide. This study
aimed to evaluate the roles of interleukin-2 (IL-2), endothelin-1 (ET-1), and
tumor necrosis factor-alpha (TNF-a) in cardiovascular diseases, and to
investigate their associations with lipid profile parameters. A total of 120
individuals aged 45—70 years participated in this case-control study, including
60 patients with cardiovascular diseases and 60 healthy controls. Serum levels
of IL-2, endothelin-1, and TNF-o were measured using enzyme-linked
immunosorbent assay (ELISA) kits. Lipid profiles-including total cholesterol,
triglycerides, HDL-C, LDL-C, and VLDL-C, and high-sensitivity C-reactive
protein (hsCRP) were assessed using spectrophotometric analysis. The levels
of IL-2, endothelin-1, and TNF-a were significantly elevated in the patient
group compared to the control group (P < 0.001). Similarly, lipid profile
parameters, including cholesterol, triglycerides, HDL-C, LDL-C, and VLDL-
C, were significantly higher in patients (P < 0.001). A significant positive
correlation was observed between endothelin-1 and TNF-a, total cholesterol,
and LDL-C. In contrast, IL-2 showed a significant negative correlation with
HDL-C. Moreover, TNF-a demonstrated significant positive correlations with
both total cholesterol and LDL-C.
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Introduction

necrosis factor — a (TNF-a) causes endothelial cells to

Cardiovascular disease (CVD), encompassing a range of ~ secrete inflammatory cytokines, chemokines, and

heart and blood vessel disorders, accounts for nearly one-
third of all deaths globally. In 2021 alone, CVD was
responsible for approximately 20.5 million deaths,
maintaining its status as the leading cause of mortality
worldwide for nearly three decades (Roth et al. 2020).
Atherosclerosis causes coronary heart disease, stroke,
peripheral artery disease, and heart failure (Lopez et al.
2023, Goldman et al. 2005). Modifiable factors, including
hypertension, tobacco use, diabetes, and immutable ones
like age and genetics, cause CVD (Rippe 2018). Tumor

adhesion molecules (Jang et al. 2021, Medina-Leyte et al.
2021). TNF-o levels are connected to endothelial
dysfunction in  hypertensive  patients, carotid
atherosclerosis thickness in early atherosclerosis patients,
and a higher risk of coronary artery disease (CAD) in
clinical investigations (Naya et al. 2007, Skoog et al.
2002). TNF-a signaling first promotes autoimmune
myocarditis by activating cardiac endothelial cells
(Schumacher & Naga Prasad 2018).
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TNF-a has a role in atherosclerosis by regulating
lipoprotein lipase activity and boosting LDL retention in
the arterial wall, accelerating early atherogenesis (Urschel
& Cicha 2015, Irawan et al. 2020). IL-2 regulates
immunological responses and inflammation. Its
significance in cardiovascular disease, notably lipid
profiles, has been studied in the context of the
inflammatory response that causes atherosclerosis and
ischemic heart disease (Rafaqgat et al. 2025). IL-2 has a less
involvement in CHD etiology than IL-1 or IL-6 (Wang et
al. 2024). Low-dose IL-2 treatment boosts Treg
populations, which decrease inflammation and may
reverse atherosclerosis in preclinical models (Sriranjan et
al. 2022). Endothelin-1 (ET-1) is mostly created and
released by blood vessel endothelial cells, although the
heart, kidneys, and other tissues also make it (Kowalczyk
et al. 2015). High ET-1 levels are linked to hypertension,
atherosclerosis, cardiac failure, and renal disease
(Jankowich & Choudhary 2020).

Endothelin A (ETA) receptors on vascular smooth
muscle cells enhance intracellular calcium and contraction
(Houde et al. 2016). ET-1 increases platelet activation,
causing thrombosis and cardiovascular events; ET-1
improves cardiac contractility and rate by increasing
intracellular calcium, but persistent elevation may cause
hypertrophy and heart failure (Banecki & Dora 2023,
Drawnel et al. 2013, Hall 2004). NT-proBNP is produced
by cardiac myocytes when the ventricles are stretched or
stressed. It is used in diagnosing and prognosticating heart
failure, but it may also estimate cardiovascular event risk
(Chrysohoou et al. 2024). High NT-proBNP is a strong,
independent predictor of cardiovascular events (Kamath et
al. 2015, Mouzarou et al. 2025).

A blood biomarker called high-sensitivity C-reactive
protein (hsCRP) identifies low CRP levels, it useful for
assessing chronic low-grade inflammation linked to
cardiovascular disease (Lv et al. 2025, Adukauskiené et al.
2016). Even healthy people without recent cardiovascular
disease had a higher risk of myocardial infarction, stroke,
peripheral artery disease, and cardiovascular death with
higher hsCRP levels (Musunuru et al. 2008, McCormack
& Allan 2010). Infections, chronic inflammatory diseases,
obesity, smoking, and other factors may raise hsCRP
(Yuan et al. 2020). This study aims to evaluate the roles of
IL-2, Endothelin-1, NT-proBNP, and tumor necrosis
factor-alpha in cardiovascular diseases, as well as their
relationships with lipid profiles.

Material and Methods
Study Design

Blood samples were collected from patients with
cardiovascular diseases enrolled at Merjan Teaching
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Hospital in Babylon, Iraq, as part of a case-control study.
Participants, including both patients and health controls,
were aged between 45 and 70 years. The study included a
total of 120 individuals, divided into two groups: 60
patients and 60 health controls. All relevant clinical data
were recorded. Individuals with a history of endocrine,
autoimmune, or kidney diseases were excluded from the
study.

Three milliliters of blood were collected into gel
tubes and promptly transported to the laboratory for
centrifugation at 3,000 x g. Following centrifugation,
serum samples were aliquoted into separate tubes
according to standard laboratory procedures. Levels of IL-
2, Endothelin-1, NT-proBNP, and tumor necrosis factor-
alpha  were  measured  using enzyme-linked
immunosorbent assay (ELISA) kits (BT Lab, China).
Lipid profiles and high-sensitivity C-reactive protein
(hsCRP) were quantified by spectrophotometry (Biolabo,
France).

Statistical study:

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS), version 26.0. Descriptive
statistics were presented as means and standard deviations
(SD). The normality of continuous variables was assessed,
and differences between groups were evaluated using
analysis of variance (ANOVA) and linear regression
analysis. A p-value < 0.05 was considered statistically
significant, while a p-value < 0.001 was considered highly
significant.

Results

The levels of IL-2, Endothelin-1, TNF-a, NT-proBNP, and
hsCRP were significantly elevated in the patient group
compared to the control group (P<0.001). The detailed
results are presented in Table 1.

There was a significant positive correlation between
NT-proBNP and TNF-a, Endothelin-1, IL-2, and hsCRP.
However, no significant correlations were observed
between hsCRP and TNF-a, Endothelin-1, or IL-2. These
findings are detailed in Table 2. The levels of cholesterol,
triglycerides, HDL, LDL and VLDL were estimated to be
considerably increased in the patients group compared to
the control group (P. value < 0.001) (Table 3).

A significant positive correlation was observed
between Endothelin-1 and TNF-a, cholesterol, and LDL-
C. Additionally, IL-2 showed a significant negative
correlation with HDL-C.

Moreover, TNF-a was positively correlated with both
cholesterol and LDL-C. These correlations are presented
in Table 4.
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Table 1 Mean and Standard Deviation of IL-2, Endothelin-1, TNF-a, NT-proBNP, and hsCRP in Patients and Controls.

Parameter Groups No. Mean + Std. P. Value
L patient 60 38.9+£10.45 < sk
Endothelin — 1(pg/ml) Control 60 7888 + 8 8 0.001
) patient 60 15.35+£3.9 ok
1L-2 (pg/ml) control 60 1.62+264 0001
i patient 60 22.5549. 62 sk
TNE-o (pg/m) control 60 1820466 0001
patient 60 383.99 £99.21
- sk
Nt-pro BNP (pg/ml) Conirol 60 139.15 + <0.001
23.14
patient 60 45118 sk
hsCRP (mg/L) Control 60 0.58+021 0001

**: Significant p value <0.01

Table 2 Correlation between NT-proBNP, hsCRP, and Inflammatory Markers (TNF-a, Endothelin-1, IL-2)

Nt -Pro

BNP hsCRP Endothelin TNF-a I1L-2
PearSOn sk ook sk sk
Nt -Pro Correlation 1 0.241 0317 0.245 0.536
BNP P. value 0.008 <0.01 0.007 <0.01
Pearson 0.241% 1 0.154 0.081  -0.058
hsCRP Correlation
P. value 0.008 0.092 0.377 0.527

**_Correlation is significant at the 0.01 level (2-tailed).

Table 3 Mean and standard deviation of cholesterol, triglycerides, HDL, LDL, and VLDL in patients and controls

Parameter Groups No. Mean + Std. P. Value
tient 60 162.93 +37.39
Cholesterol (mg/dL pa <0.001%*
olesterol (mg/dL) control 60 133.35+19.88
. . atient 60 147.16 £ 55.57
Triglycerides (mg/dL) Eontrol 60 115.46 + 18.03 <0.001%**
HDL-C (mg/dL) Patient 60 33.83+53 <0.00]**
control 60 39.3+6.25
VLDL-C (mg/dL) Patient 60 2943+ 11.11 <0.001%*
control 60 23.09+£3.6
LDL-C (mg/dL) Patient 59 97.59+33.37 <0.001%*
control 60 72.77 £ 18.45

**: Significant p value <0.01

Discussion

Cardiovascular disease (CVD) is the leading cause of
death worldwide, responsible for approximately 17.9
million deaths annually. CVD encompasses a range of
heart and blood vessel disorders, including coronary heart
disease, cerebrovascular disease, rheumatic heart disease,
and others. Heart attacks and strokes account for over 80%
of CVD-related deaths, with one-third occurring
prematurely in adults under 70 years of age (Roth et al.
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2020). The results of this study show an elevated levels of
IL-2 significantly, this may be due to its interaction with
its receptor specially during atherosclerosis, which leads
to progression of CVD. Rafaqat and colleagues came to
the conclusion that interleukin-2 (IL-2) is not as directly
involved in the development of coronary heart disease
(CHD) as other interleukins, such as interleukin-1 (IL-1)
or interleukin-6 (IL-6). Its primary roles include
immunological regulation, in particular via regulatory T
cells, which may have an effect on inflammation and
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atherosclerosis (Rafaqat et al. 2025). However, Wang et
al. (2021) discovered that the IL-2/IL-2 receptor pathway
plays an important role in the control of the immune

Table 4 The correlation analysis of parameters studied.
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system. In the process of atherosclerosis, T cells are
activated and attracted to inflamed vascular sites.

Correlations r

Endothelin IL-2 TNF-a Cholesterol Triglycerides HIéL_ VLé) L~ LpL-c
Pearson - - o
Endothelin Correlation 1 0.142 0.264 0.320 0.112 -0.129 0.112 0.320
Sig. (2-tailed) 0.122  0.004 <0.01 0.224 0.159 0.224 <0.01
Pearson -
L2 Correlation 0.142 1 0.063 0.083 -0.021 0215 -0.021 0.125
Sig. (2-tailed) 0.122 0.496 0.370 0.822 0.018 0.822 0.176
Pearson ** * o
TNF-a Correlation 0.264 0.063 1 0.233 -0.034 -.104- -0.034  0.258
Sig. (2-tailed) 0.004 0.496 0.010 0.716 0.258 0.716 0.005
Pearson - * - - ok .
Cholesterol Correlation 0.320 0.083 0.233 1 0.460 -254 0.460 0.948
Sig. (2-tailed) <0.01 0.370 0.010 <0.01 0.005 <0.01 <0.01
Pearson - . - - «
Triglycerides Correlation 0.112 0.021 -0.034 0.460 ! 0.193" 1.000 0.229
Sig. (2-tailed) 0.224 0.822 0.716 <0.01 0.035 <0.01 0.012
Pearson : * * « .
HDL-C Correlation -0.129 .215— -.104- -.254 -.193 1 -.193 -0.389
Sig. (2-tailed) 0.159 0.018 0.258 0.005 0.035 0.035 <0.01
Pearson - . - - .
VLDL-C Correlation 0.112 021- -.034- 0.460 1.000 0.193" 1 0.229
Sig. (2-tailed) 0.224 0.822 0.716 <0.01 <0.01 0.035 0.012
Pearson . ok * « - *
LDL-C Correlation 0.320 0.125 0.258 0.948 0.229 0.389" 0.229 1
Sig. (2-tailed) <0.01 0.176  0.005 <0.01 0.012 <0.01 0.012

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Additionally, there is a correlation between increased
expression of IL-2R and the development of the disease
(Wang et al. 2024). Also, the levels of TNF- elevated in
this study as its pro inflammatory role and can aggravate
the CVD by multiple pathways, this agree with Yuan et al.
(2020), who revealed that genetically-predicted TNF
levels were positively associated with coronary artery
disease (odds ratio (OR) 2.25; 95% confidence interval
(CI) 1.50, 3.37) and ischaemic stroke (OR 2.27; 95% CI
1.50, 3.43) (Gonzalvez et al. 2007). Also, TNF-a levels at
48 hours post-AMI were significantly elevated in patients
who experienced cardiovascular events, with a cutoff
value of 2.04 pg/mL providing a sensitivity of 78% and
specificity of 72.5% for predicting future cardiovascular
events. A higher cutoff of 2.92 pg/mL increased specificity
to 93% but reduced sensitivity (Rolski et al. 2024).
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Heart failure is regularly associated with elevated
TNF-a levels, which are linked to both the severity of the
illness and its mortality. By inducing cardiomyocyte
hypertrophy, fibrosis, and death, TNF-a causes
unfavorable cardiac remodeling and reduces ventricular
contractility (negative inotropic effects). The sympathetic
nervous system and TNF-a signaling have a substantial
amount of overlap, which exacerbates cardiac dysfunction
in chronic heart failure (B6hm & Pernow 2007). The
endothelin -1 was elevated as result of its role as
vasoconstrictor and causes hypertension along with
progression of heart diseases.

This results consistent with Bohm & Pernow (2007)
suggested that an ET-1 has been implicated as an
important factor in the development of vascular
dysfunction and cardiovascular disease. In the following
the pathogenic role of ET-1, the mechanisms underlying
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the involvement of ET-1 for the development of vascular
dysfunction (Bupha-Intr et al. 2012). ET-1 is a powerful
inducer of pathological cardiac hypertrophy via prolonged
stimulation of the MAPK signaling pathway. Notably, a
mere 15-minute exposure to ET-1 is enough to elicit
hypertrophic markers that last for 24 hours, demonstrating
the peptide's capacity to initiate prolonged cellular
reactions. A key step in the hypertrophic response is the
activation of extracellular signal-regulated kinases
(ERK1/2) by ETA receptors. This activation in turn
stimulates the production of immediate early genes and
transcription factors including serum response factor and
myocyte enhancer factor-2. This continuous signaling
transpires via receptor endocytosis, which safeguards
active ETA receptors from antagonist inhibition (Archer et
al. 2017, Wang et al. 2021).

The results of correlation of Nt-ProBNP with TNF-a.,
endothelin-1, IL-2 and hsCRP consistent with Wang et al.
(2021) who suggested that, patients with heart failure (HF)
had elevated levels of NT-proBNP and hsCRP show a
significant correlation (r-value unreported, P < 0.01),
indicating their mutual involvement in the severity and
prognosis of HF (Sim et al. 2015).

Also, Sim et al. (2015) revealed that in the post-acute
phase of myocardial infarction, both biomarkers measured
at 24 hours demonstrate a positive correlation with infarct
size (hsCRP: r=0.560, P<0.001; NT-proBNP: r=0.394,
P=0.016) and a negative correlation with left ventricular
ejection fraction (LVEF) (Doan et al. 2024). In non-
valvular atrial fibrillation, elevated levels of hsCRP and
NT-proBNP are associated with higher CHA.DS.-VASc
scores (hsCRP: 1=0.397, P<0.001; NT-proBNP: r=0.383,
P<0.001), suggesting a common predictive value for
cardiovascular events (et al. 2005).

Plasma levels of big endothelin-1, a precursor of
endothelin-1, show a direct correlation with NT-proBNP
levels (r=0.50, P<0.0001), exhibiting a stronger
association in patients with dilated cardiomyopathy
(r=0.60, P<0.0001) (Limas et al., 1995). This relationship
illustrates interconnected pathways in cardiovascular
regulation; additionally, hsCRP and NT-proBNP are
concurrently elevated in inflammatory and cardiac stress
conditions (e.g., heart failure, myocardial infarction),
functioning as complementary prognostic markers (Rivera
et al., 2005, Limas et al. 1995). Endothelin-1 promotes the
release of natriuretic peptides, while natriuretic peptides
suppress the production of endothelin-1. The correlations
of NT-proBNP with hsCRP and endothelin-1 highlight its
significance in the diagnosis and risk stratification of
cardiac conditions (Haryono et al. 2022). NT-proBNP
exhibits an indirect correlation with IL-2 activity in
patients with heart failure, mainly mediated by soluble IL-
2 receptor (sIL-2R) levels, which act as a marker for T-cell
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activation. This indicates that activation of the IL-2
pathway (through sIL-2R) and elevation of NT-proBNP
serve as concurrent indicators of heart failure severity;
however, their direct relationship necessitates additional
investigation (Altyar et al. 2025).

In cardiovascular disease, the relationships among
lipid profiles, interleukin-2 (IL-2), tumor necrosis factor-
alpha (TNF-a), and endothelin-1 (ET-1) reveal a complex
interplay of metabolic and inflammatory pathways. 1L-2
demonstrates a significant inverse correlation with high-
density lipoprotein cholesterol (HDL-C), while TNF-a
exerts modulatory effects on multiple aspects of lipid
metabolism. Additionally, ET-1 is linked to pro-
atherogenic lipid alterations and plays a direct role in the
regulation of lipolysis and fatty acid metabolic processes
(Glass & Olefsky 2012, Hassan et al. 2016, Chien et al.

2011).
The observed correlations among these biomarkers
provide valuable insights for cardiovascular risk

stratification and the development of targeted therapeutic
interventions. Future studies should focus on elucidating
the temporal dynamics between these biomarkers,
optimizing combination therapy approaches, and
advancing personalized treatment regimens based on
individual biomarker profiles. Integrating assessments of
inflammatory and metabolic biomarkers represents a
promising avenue for the holistic management of
cardiovascular disease (Tian et al. 2022).

Conclusion

The parameters examined in this study-namely IL-2,
Endothelin-1, TNF-a, NT-proBNP, and related lipid
profile components- may play a crucial role in the
pathophysiology of cardiovascular diseases. Their
influence could be either direct or indirect, contributing
significantly to the development and progression of
conditions such as hypertension and the exacerbation of
atherosclerotic processes. Understanding these biomarkers
provides valuable insights into the mechanisms underlying
cardiovascular dysfunction and may aid in identifying
potential targets for therapeutic intervention.
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