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Abstract

Cardiovascular (CV) diseases (CVDs) have shifted from being hypothesized as lipid-driven disorders, to now chronic
immune-mediated inflammatory disorders. Vascular inflammation has been shown to be a key mediator of endothelial
dysfunction, subsequent atheroma development and progression (including plaque destabilization) and subsequent
vascular events in the pathophysiology of cardiovascular disease (CVD).

Because of its potent immunoregulatory qualities, interleukin-10 (IL-10) is one of the most universal anti-
inflammatories, multifunctional cytokines that promotes vascular immune system homeostasis. The current
comprehensive review aims to critically evaluate the molecular underpinnings, clinical correlations, and possible
therapeutic implications of IL-10 in cardiovascular disorders.

Methods: A systematic review that searched PubMed, Scopus, and Web of Science between 2020 and 2025 found 1247
papers, 42 of which satisfied the inclusion criteria. Strong evidence supports the cardioprotective effects of IL-10 by
inhibiting pro-inflammatory cytokines (TNF-a, IL-6, and IL1f) and the NF-kB signaling pathway. This improves
endothelial function and may modulate macrophage polarization toward M2 phenotype, which affects the stabilization
of atherosclerotic plaque.

Low IL-10 has been clinically linked to higher cardiovascular risk and a worse prognosis in patients with heart failure
and myocardial infarction, as evidenced by elevated systemic inflammation. However, problems with systemic
immunosuppression and pharmacokinetics are the principal obstacles to therapeutic translation.

IL-10 could serve as a novel biomarker and therapeutic target in personalized cardiovascular medicine, although the
clinical evidence needs to be confirmed by large-scale randomized trials.
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1. Introduction

Background: Cardiovascular diseases (CVDs) are now appreciated as chronic inflammatory and immune-mediated
disorders associated with complex interactions between metabolic dysregulation, vascular injury, and immune
activation (1-5).
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Endothelial dysfunction is regarded as an initiating event in atherogenesis, characterized by low bioavailability of nitric
oxide and heightened oxidative stress together with increased expression of adhesion molecules favouring leukocyte
recruitment (6-9).

Atherosclerosis at this point has been redefined as an inappropriate immune response that involves both innate and
adaptive immunity. Macrophages, T cells, and dendritic cells interact within the vascular microenvironment, sustaining
chronic inflammation and plaque progression (10-15).

Cytokines are central regulators of this process. While pro-inflammatory cytokines such as TNF-q, IL-6, and IL-1f drive
disease progression, anti-inflammatory cytokines such as IL-10 serve as critical counter-regulatory mediators (16-20).

IL-10 is a pleiotropic cytokine produced by regulatory T cells, macrophages, dendritic cells, and B regulatory cells. It
suppresses immune activation and promotes resolution of inflammation, thereby maintaining vascular homeostasis
(21-28).

This review systematically evaluates the mechanistic, clinical, and therapeutic roles of IL-10 in cardiovascular disease
(29-33).
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Figure 1 IL-10 signaling pathway (JAK1/TYK2-STAT3-NF-xB inhibition)

2. Methods (PRISMA Guidelines)

2.1. Study Design

This systematic review was conducted according to PRISMA 2020 guidelines.

2.2. Databases and Search Strategy

Databases searched:

PubMed

Scopus

Web of Science

Search period: January 2020 - March 2025

Search terms: interleukin 10 OR IL-10 and cardiovascular disease OR atherosclerosis OR heart failure AND
inflammation

2.3. Inclusion Criteria

e Original research articles (clinical and experimental)
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e Studies evaluating IL-10 in cardiovascular disease
e English-language publications
2.4. Exclusion Criteria
e Reviews, meta-analyses, and case reports
e Non-peer-reviewed articles
2.5. Study Selection
The database search identified 1,247 studies. From this, excluding duplicates and screening, a total of 42 studies were
included in the final analysis.
2.6. Data Extraction
Data extracted included:
Study design
Sample size
IL-10 levels

Inflammatory markers
Clinical outcomes

2.7. Quality Assessment

e The risk of bias was assessed using:
e Newecastle-Ottawa Scale (observational studies)
e Cochrane Risk of Bias Tool (clinical trials)

PRISMA Summary

Stage Studies
Identified 1247

After duplicates removed | 980

Screened 980
Full-text assessed 110
Included 42
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PRISMA 2020 Flow Diagram for Systematic Review
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3. Results

Figure 2 PRISMA flow diagram

3.1. Overview of Included Studies

This review included observational studies, clinical cohorts, and experimental animal models of IL-10 in cardiovascular

pathology.
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3.2.IL-10 Levels in Cardiovascular Disease

Most clinical studies demonstrated:

. Lower IL-10 levels in patients with acute coronary syndrome
. Inverse correlation between IL-10 and disease severity
. Reduced IL-10 associated with poor prognosis in heart failure

3.3. Association with Inflammatory Markers

IL-10 levels showed:

. Negative correlation with CRP
. Negative correlation with IL-6 and TNF-«

Summary of Evidence

The overall evidence does seem to support an anti-inflammatory and cardioprotective role for IL-10, but importantly
heterogeneity exists across studies as a result of differences in disease stage and characteristics of the study population.

Table 1 Description of studies (summary protocol)

Study type Population

Key finding

Clinical cohort | CAD patients

Reduced IL-10 levels

Case-control MI patients

IL-10 inversely correlated with severity

Animal model | Atherosclerosis

Plaque stabilization with IL-10

4. Mechanisms of Cardiovascular Protection

4.1. Anti-inflammatory Effects
IL-10 suppresses TNF-q, IL-6, and IL-1f via inhibition of NF-kB signaling.

4.2. Endothelial Protection

e Reduces oxidative stress
e Decreases VCAM-1 and ICAM-1 expression
e Enhances nitric oxide bioavailability

4.3. Plaque Stabilization

e Reduces macrophage activation

e Decreases foam cell formation

e Inhibits MMP activity
4.4. Immune Regulation

e Promotes M2 macrophage polarization

e Enhances regulatory T cell activity
4.5. Cardiac Remodeling

e Reduces apoptosis

e Limits fibrosis after ischemic injury
4.6. Clinical Significance

IL-10 is consistently associated with
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e Reduced cardiovascular risk
e Improved survival in heart failure
e Reduced risk of acute coronary events

Single biomarkers have been shown to maintain a poor prognostic ability, whilst an IL-10/pro-inflammatory cytokine
ratio may provide superior prognostic accuracy.

5. Therapeutic potential

5.1. Recombinant IL-10

Has anti-inflammatory properties, but short half-life limits its utility.

5.2. Gene Therapy

Potential options for long term IL-10 delivery in vascular tissue

5.3. Immune Modulation

One innovative strategy is the potentiation of endogenous IL-10 mechanisms by regulatory T cells.

Limitations
e Heterogeneity between studies
e Lack of standardized IL-10 measurement
e Limited randomized clinical trials
e Risk of systemic immunosuppression

Future Perspectives
e Development of targeted IL-10 delivery systems
e Integration into multi-biomarker panels
e Large-scale randomized controlled trials
e Application in precision cardiovascular medicine

6. Discussion

Although the role of IL-10 as an antiinflammatory cytokine is long established, this review summarises evidence for its
emerging importance in cardiovascular disease. The experimental and clinical evidence supporting its anti-
inflammatory and endothelial-protective effects is extensive [34,35].

But IL-10 activity is context-dependent as well, influenced by disease stage, immune environment and genetic
variability. This might account for the discordance between studies (36,37).

It makes them suitable in principle, but translation into clinical practice is still limited thus far and one approach to

address this has been through the development of new targeted delivery systems or designing well-powered clinical
trials (38,39).
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1. Anti-inflammatory effects
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Figure 3 IL-10 role in cardiovascular protection schematic

7. Conclusion

A significant immunoregulatory cytokine, IL-10 has broad potential as a cardioprotective drug and is a desirable target
for diagnostics and treatment. It is a potential target for cardiovascular treatments that target inflammation and
methods to tailor its application.
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