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Introduction

Atherosclerosis is a leading cause of cardiovascular diseases,
including coronary artery disease, stroke, and peripheral artery disease.
It is characterized by the buildup of fatty deposits, inflammatory cells,
and extracellular matrix components in the arterial walls, which leads
to the formation of plaques that narrow and harden blood vessels.
Over time, these plaques can cause reduced blood flow, ischemia, and
increase the risk of thrombosis. One of the key physiological responses
to the growing plaques and the resulting ischemic conditions is
angiogenesis the formation of new blood vessels from pre-existing ones.
While angiogenesis is typically seen as a compensatory mechanism
aimed at restoring oxygen and nutrient supply to affected tissues, in
atherosclerosis, it can have both beneficial and detrimental effects [1].

Description

Angiogenesis in atherosclerosis: a double-edged sword

In the context of atherosclerosis, angiogenesis is often triggered by
the hypoxic microenvironment within expanding plaques. As plaques
grow, they may outstrip their blood supply, leading to reduced oxygen
levels in the plaque core. This hypoxic environment activates several
molecular pathways, with the vascular endothelial growth factor
(VEGF) being one of the most important angiogenic factors. VEGF
stimulates endothelial cells to proliferate and migrate, resulting in
the formation of new blood vessels that aim to improve oxygenation.
Other angiogenic factors, such as fibroblast growth factors (FGFs),
angiopoietins, and platelet-derived growth factors (PDGF), also
contribute to this process [2].

Challenges in targeting angiogenesis for atherosclerosis
treatment

The therapeutic targeting of angiogenesis in atherosclerosis is a
highly complex endeavor due to the dual role of angiogenesis in both
protecting and damaging the vascular system [3]. Several challenges
must be addressed to develop effective therapies that manipulate
angiogenesis in a way that stabilizes plaques without causing further
harm.

Balancing angiogenesis and plaque stability: The primary
challenge in targeting angiogenesis in atherosclerosis is achieving a
balance between promoting beneficial angiogenesis and preventing
harmful, destabilizing angiogenesis. On one hand, promoting
angiogenesis in ischemic tissues outside of the plaques could restore
blood flow and alleviate symptoms of peripheral artery disease, chronic
ischemia, or angina. On the other hand, increasing angiogenesis within
plaques could lead to the formation of dysfunctional, fragile blood
vessels that promote plaque rupture and thrombosis. A key challenge,
therefore, is selectively targeting angiogenesis within the plaque without
exacerbating plaque instability [4].

Targeting angiogenic pathways: Several key angiogenic
pathways are involved in the process of blood vessel formation within
atherosclerotic plaques, with VEGF being one of the most studied.

However, these pathways are tightly regulated and have overlapping
effects, making it difficult to selectively target one pathway without
affecting others. In addition to VEGE other growth factors like
FGFs, PDGE and angiopoietins play important roles in angiogenesis.
Modulating these pathways requires a precise understanding of the
molecular mechanisms involved and how they interact with other
cellular processes, such as inflammation and smooth muscle cell
proliferation [5].

Side effects and risks: Even with precise targeting, therapeutic
interventions that modify angiogenesis could have significant side
effects. For instance, VEGF inhibitors, commonly used in cancer
therapy, may slow the growth of blood vessels but also impair wound
healing and increase the risk of tissue ischemia. Similarly, therapies
that promote angiogenesis could lead to excessive vessel formation,
resulting in inflammation, abnormal tissue remodeling, and potentially
the destabilization of existing plaques. These side effects underscore the
importance of developing therapies with controlled, localized actions to
minimize risks to patients.

Future directions in angiogenesis targeting

Despite the challenges, advances in our understanding of
angiogenesis and plaque biology hold promise for the development
of more effective therapies to treat atherosclerosis. Several future
directions may help address the current challenges:

Selective modulation of angiogenic pathways: One of the most
promising future directions is the selective modulation of specific
angiogenic pathways that promote plaque stability without exacerbating
plaque growth or inflammation. For example, targeting the VEGF-A/
VEGFR-2 signaling pathway in the plaque could reduce the formation
of leaky, fragile blood vessels [6]. Additionally, modulating the balance
between angiopoietin-1 and angiopoietin-2 could stabilize the newly
formed vessels, preventing their rupture. More research is needed to
understand the precise role of these pathways in plaque stability, as well
as their interactions with other factors involved in atherosclerosis, such
as inflammation and extracellular matrix remodeling.

Gene therapy and RNA-based approaches: Gene therapy
represents a promising approach to modulate angiogenesis in a localized
manner. By delivering genes that encode for angiogenic factors directly
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to ischemic tissues or plaques, it may be possible to enhance blood flow
and stabilize plaques. RNA-based therapies, such as small interfering
RNA (siRNA) or messenger RNA (mRNA) therapies, could provide
a more targeted approach to modulating angiogenic pathways. These
therapies could be used to either promote or inhibit specific angiogenic
factors in a precise and controlled manner, reducing systemic side
effects and improving therapeutic outcomes [7].

Advanced drug delivery systems: The development of advanced
drug delivery systems, such as nanoparticles, liposomes, or implantable
devices, could help improve the targeting and delivery of angiogenesis-
modulating agents to specific areas of the body. Localized delivery of
drugs directly to the atherosclerotic plaque or ischemic tissue could
reduce the risks associated with systemic therapies and improve the
therapeutic benefit. Moreover, drug-eluting stents, which are already in
use for coronary artery disease, could be enhanced with angiogenesis-
modulating agents to help stabilize plaques while promoting collateral
circulation in ischemic regions [8].

Conclusion

Therapeutically targeting angiogenesis in atherosclerosis offers a
promising strategy to address the challenges of ischemia and plaque
instability. However, the dual role of angiogenesis in both protecting
and destabilizing the vascular system presents significant challenges in
developing effective therapies. The complexity of angiogenic pathways,
the difficulty of targeting specific areas within the body, and the risks of
side effects must be carefully addressed in future therapeutic strategies.
Advances in the understanding of angiogenesis and the development
of more precise delivery systems, gene therapies, and combination
treatments offer hope for overcoming these challenges. As research
continues to evolve, therapies that selectively modulate angiogenesis in
atherosclerosis could become a cornerstone of cardiovascular disease
management, helping to stabilize plaques, improve tissue perfusion,
and reduce the risk of acute cardiovascular events.
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