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Abstract: Vascular endothelial growth factors (VEGFs) are the family of extracellular signaling

proteins involved in the processes of angiogenesis. VEGFA overexpression and altered regulation of

VEGFA signaling pathways lead to pathological angiogenesis, which contributes to the progression

of various diseases, such as age-related macular degeneration and cancer. Monoclonal antibodies and

decoy receptors have been extensively used in the anti-angiogenic therapies for the neutralization of

VEGFA. However, multiple side effects, solubility and aggregation issues, and the involvement of

compensatory VEGFA-independent pro-angiogenic mechanisms limit the use of the existing VEGFA

inhibitors. Short chemically synthesized VEGFA binding peptides are a promising alternative to

these full-length proteins. In this review, we summarize anti-VEGFA peptides identi�ed so far and

discuss the molecular basis of their inhibitory activity to highlight their pharmacological potential as

anti-angiogenic drugs.
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1. Introduction

The enhancement of the ef�ciency, selectivity, and targeting of the pharmaceuticals to
the desired biomolecules and cells is one of the main objectives of modern drug design.
Despite progress in the understanding of molecular mechanisms of various diseases, many
challenges remain in the development of minimally invasive therapies with optimal drug
dosing and duration. In particular, this refers to the disorders that involve the blood
vessels growth that is normally tuned by the equilibrium between pro- and anti-angiogenic
factors [1,2]. Since the recognition of the fundamental role of vascular endothelial growth
factors (VEGFs) in vasculogenesis and angiogenesis, many efforts have been devoted to
the design of molecules that modulate VEGF-dependent signaling pathways by controlling
active VEGF concentration. This therapeutic intervention is particularly important for the
treatment of ischemic and in�ammatory disorders, age-related macular degeneration, pso-
riasis, and cancer, where false regulation of VEGF signaling contributes to the progression
of the disease [3–5].

Vascular endothelial growth factors are expressed as numerous splice isoforms of
VEGFA, VEGFB, VEGFC, VEGFD, and placenta growth factor (PlGF). Two more VEGFs
are produced by zoonotic parapoxvirus (VEGFE) and some species of snakes (VEGFF) [6].
This structural versatility affords multiple signaling outcomes even with the same VEGF
receptor [7]. VEGFA is a key mediator of angiogenesis. The alternative splicing of the
VEGFA gene is affected by hypoxia, shear stress, oncogenes, and tumor suppressor genes,
thereby leading to the production of various VEGFA isoforms of different lengths, in-
cluding VEGFA 111, VEGFA121, VEGFA165, VEGFA189, VEGFA206, and VEGFAx [7]. In

Pharmaceutics2021, 13, 1337. https://doi.org/10.3390/pharmaceutics13091337 https://www.mdpi.com/journal/pharmaceutics

https://www.mdpi.com/journal/pharmaceutics
https://www.mdpi.com
https://orcid.org/0000-0002-9029-2056
https://doi.org/10.3390/pharmaceutics13091337
https://doi.org/10.3390/pharmaceutics13091337
https://doi.org/10.3390/pharmaceutics13091337
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/pharmaceutics13091337
https://www.mdpi.com/journal/pharmaceutics
https://www.mdpi.com/article/10.3390/pharmaceutics13091337?type=check_update&version=1































