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Endothelial Dysfunction and Its
Critical Role in Cancer Progres-
sion: Mechanisms, Implications,
and Therapeutic Opportunities

Marija Cauchi’
Abstract

Endothelial dysfunction, characterized by impaired vascular homeo-
stasis, has emerged as a significant factor in cancer progression. This
pathological state disrupts critical endothelial functions, including nitric
oxide (NO) production, vascular permeability regulation, and immune
cell trafficking. In the context of cancer, endothelial dysfunction facili-
tates tumor angiogenesis, immune evasion, and metastasis, contribut-
ing to a tumor-supportive microenvironment. This article explores the
multifaceted relationship between endothelial dysfunction and cancer,
discussing its underlying molecular mechanisms, role in tumor biology,
and clinical implications. Furthermore, it examines current and emerg-
ing therapeutic strategies aimed at targeting endothelial dysfunction
to inhibit tumor growth and metastasis. The potential of endothelial
dysfunction biomarkers for diagnostic and prognostic applications in
personalized cancer treatment is also addressed.

Keywords: Endothelial dysfunction; Cancer; Angiogenesis; Metas-
tasis; Oxidative stress; Inflammation; Biomarkers; Immune evasion;
Vascular endothelium; Therapeutic targets

Introduction

The vascular endothelium, a monolayer of Endothelial Cells (ECs)
lining blood vessels, serves as a critical regulator of vascular tone,
immune cell trafficking, and tissue homeostasis. Endothelial dys-
function represents a pathological condition characterized by an
imbalance between vasodilatory and vasoconstrictive mediators,
chronic inflammation, and increased vascular permeability. While
endothelial dysfunction is traditionally associated with cardiovas-
cular diseases, recent evidence underscores its pivotal role in can-
cer biology. Tumors hijack endothelial functions to sustain angio-
genesis, evade immune surveillance, and metastasize. This article
provides a comprehensive overview of the mechanisms underlying
endothelial dysfunction in cancer, its impact on tumor progression,
and potential therapeutic interventions.

Mechanisms of endothelial dysfunction in cancer

Oxidative stress and impaired nitric oxide production: Reactive
Oxygen Species (ROS) generated in the tumor microenvironment
impair Endothelial Nitric Oxide Synthase (eNOS) activity, leading
to reduced NO production. NO is crucial for maintaining vascular
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tone and inhibiting platelet aggregation and leukocyte adhesion. In
cancer, diminished NO levels promote endothelial activation, facili-
tating tumor growth and metastasis.

Inflammatory cytokines and endothelial activation: Tumor cells
and associated stromal cells secrete pro-inflammatory cytokines, in-
cluding Interleukin-6 (IL-6), Interleukin-1p (IL-1B), and Tumor Ne-
crosis Factor-Alpha (TNF-a). These mediators induce endothelial ac-
tivation, characterized by increased expression of adhesion molecules
(e.g., ICAM-1, VCAM-1) and disruption of the endothelial barrier.
The resultant endothelial dysfunction enhances vascular permeability,
promoting tumor cell intravasation and metastasis.

Angiogenesis and vascular abnormalities: Tumor angiogenesis, a
hallmark of cancer, is fueled by pro-angiogenic factors such as Vas-
cular Endothelial Growth Factor (VEGF). Endothelial dysfunction
contributes to the formation of structurally and functionally abnormal
tumor vasculature, characterized by irregular branching, leaky vessels,
and poor perfusion. This aberrant vasculature sustains hypoxia, fos-
tering a pro-tumorigenic microenvironment.

Immune evasion: Endothelial dysfunction plays a critical role in im-
mune evasion by tumors. Dysfunctional ECs modulate the expression
of immune checkpoint molecules, such as PD-L1, and secrete immu-
nosuppressive cytokines, thereby inhibiting the infiltration and activ-
ity of cytotoxic T cells. Additionally, tumor-derived exosomes alter
endothelial cell behavior, promoting immune tolerance.

Role of endothelial glycocalyx: The endothelial glycocalyx, a carbo-
hydrate-rich layer covering ECs, is essential for vascular barrier func-
tion and immune cell interactions. Its degradation in cancer leads to
increased vascular permeability and enhanced tumor cell extravasa-
tion, contributing to metastatic spread.

Implications of endothelial dysfunction in cancer progres-
sion

Tumor angiogenesis and growth: Endothelial dysfunction enhances
the expression of angiogenic factors, promoting neovascularization.
However, the resulting tumor vasculature is inefficient, creating re-
gions of hypoxia and acidosis that drive aggressive tumor phenotypes.

Metastasis: Increased vascular permeability due to endothelial dys-
function facilitates tumor cell intravasation and dissemination. Addi-
tionally, Circulating Tumor Cells (CTCs) Exploit Dysfunctional (ECs)
to extravasate and colonize distant organs.

Resistance to therapies: Endothelial dysfunction contributes to ther-
apy resistance by impairing drug delivery due to abnormal tumor vas-
culature. Hypoxia-induced signaling pathways also activate survival
mechanisms in cancer cells, reducing the efficacy of chemo- and ra-
diotherapies.

Biomarkers of endothelial dysfunction in cancer

Circulating Endothelial Cells (CECs): Elevated levels of CECs reflect
endothelial damage and are associated with poor prognosis in cancer
patients.

Angiogenic markers: Increased serum levels of vegf, angiopoietins,
and basic fibroblast growth factor (bfgf) indicate heightened angio-
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genic activity and endothelial dysfunction. proteins. Targeting exosome-mediated communication may offer

A . ) new therapeutic strategies.
Oxidative stress markers: Biomarkers such as malondialdehyde p &

(MDA) and 8-isoprostane signify oxidative damage to endothelial  Lack of comprehensive biomarkers: Recent studies highlight the
cells. heterogeneity of endothelial cells in different tissues and tumor
types. Understanding this variability can aid in designing more pre-

Endothelial-Derived Microparticles (EMPs): EMPs, released during cise therapies

endothelial activation or apoptosis, serve as indicators of endothelial
dysfunction and cancer progression. Conclusion

Integration of biomarkers into clinical practice: Advances in bio-  Epdothelial dysfunction is a key driver of cancer progression, influ-
marker discovery enable the integration of endothelial dysfunction encing angiogenesis, immune evasion, and metastasis. Understand-
indicators into diagnostic and prognostic tools, paving the way for ing its molecular underpinnings provides opportunities for develop-
personalized cancer treatment. ing targeted therapies and improving clinical outcomes. Advances
in biomarkers, nanotechnology, and gene-editing techniques hold
promise for addressing the challenges of endothelial dysfunction
Tumor heterogeneity: The variability in endothelial responses across ~ in cancer. Future research should prioritize the integration of en-
different cancers and patient populations complicates therapeutic de-  dothelial dysfunction biomarkers into clinical practice and explore
velopment. innovative strategies to overcome therapy resistance. By leveraging
insights from vascular biology and oncology, we can better combat
the complexities of cancer and improve patient care.

Challenges and Limitations

Therapy resistance: Tumor-derived exosomes modulate endothelial
behavior by transferring bioactive molecules, such as miRNAs and
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