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ABSTRACT: Vascular Endothelial Growth Factor (VEGF) is a signal protein that plays a crucial
role in both vasculogenesis (the formation of new blood vessels during embryonic development)
and angiogenesis (the growth of blood vessels from pre-existing ones). VEGF upregulation refers
to an increase in the expression or activity of VEGF, which can have significant implications in both
physiological and pathological processes. In this computational study, microRNAs ( miRNA)
involved in vascular endothelial growth factor (VEGF) upregulation are presented and characterized
computationally. Results show that mic RNA shares a core of critical properties crucial in
stimulating angiogenesis. Further studies are needed to identify possible drug targets and clinical
implications regarding mic RNA involvement in morphogenesis and angiogenesis.
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1.INTRODUCTION

Various variables can stimulate the increase in VEGF expression. The leading cause of the increased
production of VEGF is hypoxia. Hypoxia-inducible factors (HIFs) are transcription factors that
become active and stable in low-oxygen environments, resulting in an elevated production of VEGF.
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HIF-1a and HIF-2a are hydroxylated by prolyl hydroxylase domain (PHD) enzymes, marking them

for ubiquitination and proteasomal degradation. Hypoxia inhibits the activity of PHDs due to the
lack of oxygen, leading to the stabilization and accumulation of HIF-1a and HIF-2a in the cell[1].
Stabilized HIF-1a and HIF-2a translocate to the nucleus, dimerizing with HIF-18 (ARNT — aryl
hydrocarbon receptor nuclear translocator). The HIF complex binds to hypoxia-responsive elements
(HRESs) in the promoter region of the VEGF gene, activating its transcription and leading to
increased VEGF mRNA levels. Hypoxia can also influence the binding of Sp1, a transcription factor,
to the VEGF promoter. Sp1 cooperates with HIF-1 to enhance VEGF transcription. NF-kB Pathway:
Hypoxia can activate the NF-xB pathway, another transcription factor that can bind to the VEGF
promoter and improve its expression. Hypoxia increases the stability of VEGF mRNA by altering
the binding of RNA-binding proteins to its 3’-untranslated region (3’-UTR). Proteins such as HuR
(Human antigen R) bind to the VEGF mRNA under hypoxic conditions, preventing degradation and
ensuring sustained VEGF production. Specific miRNAs are known to be regulated by hypoxia and,
in turn, regulate VEGF expression. For instance, hypoxia-induced miRNAs can inhibit the
expression of VEGF-targeting miRNAs, leading to increased VEGF mRNA levels and protein
synthesis[2]. Hypoxia activates the PI3K/Akt pathway, which can lead to the activation of mTOR
(mammalian target of rapamycin). mTOR signaling promotes VEGF expression through various
downstream effectors, including enhanced HIF-1a translation. The MAPK/ERK pathway is also
activated by hypoxia and contributes to VEGF's transcriptional and post-transcriptional regulation.
Hypoxia upregulates VEGF through a multifaceted mechanism involving HIF-1a and HIF-2a
stabilization and nuclear translocation, leading to direct transcriptional activation of the VEGF gene.
Factors like Sp1 and NF-kB enhance VEGF transcription. Increased mRNA stability through RNA-
binding proteins These mechanisms ensure that cells can rapidly respond to hypoxic conditions by
promoting angiogenesis, thereby restoring oxygen supply by forming new blood vessels[3,4,5,6,7].
2. MATERIALS AND METHODS

miRNA sequences were obtained from the UniProt database. Double miRNA strains with B-helix
symmetry 3’-5' have been computed. Nucleotide sequences of miR-296, miR-210, miR-155,
miR-126, miR-21, and miR-9 have been used to generate the 3D models of the respective structures.
The online RN Afold and Biomodel servers were used server was used|8,9]. Finally, some molecular
descriptors were computed for each miRNA string.

3. RESULTS AND DISCUSSION

Figure 1 represents the miRNA string resulting from the miRNA nucleotide sequences. Ribbons

represent the double-generated strings.
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Figure 1: 3D ribbons representation of miRNAs
In Figure 2, the composition of miRNA atoms is shown. The number of carbon, hydrogen, oxygen,
and nitrogen atoms are represented using bar charts. The number of oxygen atoms is slightly similar

for all six miRNAs. Significant variations are observed in the number of hydrogen atoms.
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Figure 2: Atom composition of miRNA
In Figure 3, miRNA bounds and heavy atoms are shown. As observed, double bounds are slightly
constant across the miRNA series. The number of single bounds presents some variations. For the
miRNA 296, 126,21, and 9, respectively, the total bounds are the same ( 1536).
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Figure 3: For the miRNA series, the number of single bounds, double bounds, total bounds,
and heavy attoms is represented as bar charts.
As seen for the structural data, the miRNAs are similar in structure, but specific variations in the
nucleotide sequence make their function specific.
Furthermore, Figure 4 shows miRNA shape, weight, and density. As observed, the weight of each

miRNA series member is quite similar. However, the shape and volume are consecutively different.
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Figure 4: The density, diameter(A), volume(A3), radius(A), and weight of the miRNA
sequences are represented as bar charts.
Figure 5. represents the miRNA Total energy/Solvation energy/SlogPratio. As expected, the miRNA

series have slight differences in energy, SlogP, and solvation energy.
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Figure 5: miRNA Total energy/Solvation energy/SlogP ratio.
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Regarding the miRNA binding site, the most significant volume is observed at miRNA 126 and 9,

with a binding site of 416416 A3. The minor binding site is observed at miRNA 296(246A%)(Table
1).
Table 1: Binding sites for the miRNA series

Binding 246A3 365 A3 368 A® 416 A3 415 A3 416 A3
site

surface

miRNA 296 210 155 126 21 9

Additional factors, such as Platelet-Derived Growth Factor (PDGF) and Transforming Growth
Factor-beta (TGF-B), can promote the synthesis of Vascular Endothelial Growth Factor (VEGF).
The pressure exerted on blood artery walls can induce the synthesis of VEGF. Inflammatory
cytokines, such as interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-alpha), can increase
the production of VEGF. Hypoxia, which refers to insufficient oxygen levels, is a primary factor
contributing to the development of VEGF. Cells detect hypoxia and respond by stabilizing and
activating hypoxia-inducible factor 1-alpha (HIF-1a). HIF-1a subsequently attaches to the VEGF
gene promoter, hence increasing its transcription. Cytokines and growth factors, such as interleukins
and platelet-derived growth factors, can induce the expression of VEGF. These chemicals stimulate
signaling pathways, including the PI3K/AKT and MAPK/ERK pathways, which increase the
transcription of the VEGF gene. Genetic factors, such as variations and mutations, can potentially
influence the expression of VEGF. For example, specific cancer-causing viruses such as Kaposi's
sarcoma-associated herpesvirus (KSHV) and Epstein-Barr virus (EBV) increase the expression of
VEGTF to stimulate the formation of new blood vessels and facilitate the growth of tumors[10,11,12].
VEGF is critical for wound healing as it promotes angiogenesis to restore blood supply to the
damaged tissue. Physical activity can lead to transient upregulation of VEGF, enhancing blood flow
and oxygen delivery to muscles. VEGF forms the placenta, ensuring adequate blood supply to the
developing fetus[13,14,15]. Tumors often exploit VEGF to promote angiogenesis, allowing for
increased nutrient supply and growth. This process, known as tumor angiogenesis, is a crucial target
for anti-cancer therapies. Overexpression of VEGF can lead to pathological neovascularization in
the retina, contributing to vision loss. High glucose levels can upregulate VEGF, leading to abnormal
blood vessel growth in the retina and subsequent vision problems. VEGF forms new blood vessels
in the synovium, exacerbating inflammation and joint damage[16,17,18,19]. Given VEGF's diverse
roles in health and disease, modulating its activity has become a significant therapeutic strategy.
Anti-VEGF Therapies: Drugs like bevacizumab (Avastin) and ranibizumab (Lucentis) are
monoclonal antibodies that inhibit VEGF and are used in treating cancers and eye diseases like
AMD and diabetic retinopathy. Gene Therapy: Depending on the clinical context, efforts are being
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made to develop gene therapy approaches to enhance or inhibit VEGF expression. VEGF Mimetics

and Receptor Agonists: These are being explored to promote angiogenesis in ischemic diseases,
such as coronary and peripheral artery disease[20,21]. In addition, microRNAs (miRNAs) are small,
non-coding RNAs that regulate gene expression, including genes involved in the vascular
endothelial growth factor receptor (VEGFR) pathways. miRNAs typically function by binding to
complementary sequences in the 3’-untranslated regions (3’-UTRs) of target mRNAs, leading to
mRNA degradation or translational repression. The upregulation of VEGFRs through miRNAs
involves intricate mechanisms, including the modulation of both direct and indirect regulatory
networks. Specific miRNAs can directly target mRNAs encoding VEGFRs, either enhancing their
stability or preventing degradation. Although miRNAs generally act to repress their targets, some
can positively influence gene expression under specific contexts or through indirect pathways. It has
been reported that miR-296 can upregulate VEGFR2 expression indirectly by downregulating
inhibitors of VEGFR2 expression. For example, miR-296 targets hepatocyte growth factor-regulated
tyrosine kinase substrate (HGS), a protein involved in the degradation of VEGFR2. By inhibiting
HGS, miR-296 promotes VEGFR2 stability and upregulation[22]. miR-296 promotes the stability
and upregulation of VEGFR2 by targeting negative regulators of VEGFR2. One key target is
hepatocyte growth factor-regulated tyrosine kinase substrate (HGS), which is involved in the
degradation of VEGFR2. By inhibiting HGS, miR-296 enhances the stability and expression of
VEGFR2, facilitating angiogenesis. Wiirdinger, T., et al. (2008). This study demonstrated that miR-
296 regulates angiogenesis in glioma by targeting HGS, thereby promoting the stability of VEGFR2.
The study highlighted the importance of miR-296 in the angiogenic process, showing how its
regulation can significantly impact tumor growth and vascularization.[23] Lee, S. H., et al. (2010).
This study further explored the role miR-296 in endothelial cells, showing that miR-296
upregulation leads to enhanced angiogenic activity by increasing VEGFR2 levels. The findings
provided insights into the potential therapeutic applications of miR-296 modulation in diseases
characterized by aberrant angiogenesis. miR-296 plays a crucial role in regulating VEGFR2 by
targeting and downregulating inhibitors of VEGFR2 stability, such as HGS. This leads to increased
stability and expression of VEGFR2, promoting angiogenesis. The references provided highlight
the significance of miR-296 in angiogenesis and its potential as a therapeutic target in diseases
involving abnormal blood vessel growth[24]. This sequence is derived from the precursor miRNA
(pre-miRNA) hairpin structure of miR-296, which Dicer processes into the mature miRNA. To
provide additional context, miR-296-5p is another strand derived from the precursor miRNA, which
can also have biological activity. However, miR-296-3p is most commonly associated with
regulating angiogenesis and VEGFR pathways[25,26]. miR-126 is known to enhance the expression
of VEGFR2 by targeting inhibitors of the VEGF pathway, such as Sprouty-related EVH1 domain-
containing protein 1 (SPRED1) and phosphoinositide-3-kinase regulatory subunit 2 (PIK3R2). By
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inhibiting these negative regulators, miR-126 facilitates VEGF signaling and promotes

angiogenesis[27]. Several miRNAs indirectly upregulate VEGFR expression by targeting negative
VEGTF signaling pathway regulators. This indirect regulation often involves complex networks of
signaling molecules and transcription factors—miR-9 targets multiple negative regulators of VEGF
signaling, such as sirtuin 1 (SIRTI). SIRT1 is known to inhibit the HIF-la pathway. By
downregulating SIRT1, miR-9 stabilizes HIF-1a, leading to increased transcription of VEGFR
genes and enhanced VEGF signaling[28].miR-21 targets PTEN (phosphatase and tensin homolog),
a negative PI3K/Akt pathway regulator. Inhibition of PTEN by miR-21 activates the PI3K/Akt
pathway, promoting the expression of VEGFRs and enhancing cell survival and angiogenesis[29].
miRNAs can also regulate upstream signaling pathways that affect the expression and activity of
VEGFRs.miR-155 can upregulate VEGFR expression by targeting SH2 domain-containing inositol
5’-phosphatase 1 (SHIP1), another negative regulator of the PI3K/Akt pathway. By inhibiting
SHIP1, miR-155 enhances PI3K/Akt signaling, increasing VEGFR expression and angiogenic
responses. Under hypoxic conditions, miR-210 is upregulated and targets several mitochondrial
metabolism and angiogenesis genes. miR-210 can promote VEGFR expression by stabilizing HIF-
la, enhancing the transcription of VEGFRs and other hypoxia-responsive genes. miRNAs regulate
VEGFR upregulation through various mechanisms, including direct targeting of VEGFR mRNA:
Stabilizing or preventing the degradation of VEGFR mRNA. Targeting negative regulators:
Inhibiting proteins that negatively regulate VEGF signaling pathways, thereby promoting VEGFR
expression. Modulating upstream pathways: Influencing signaling pathways that control VEGFR
expression and activity. These mechanisms highlight the intricate role of miRNAs in fine-tuning
VEGEF signaling and promoting angiogenesis, which is crucial for tissue repair, cancer progression,
and response to hypoxia[30].

4. CONCLUSION

VEGEFR can be upregulated by miRNA. The miRNA structure shows slight differences. Those
specific structural architectures can explain their different interactions with distinct molecules.
Energetically, miRNA shows a particular profile. Also, the miRNA Total energy/Solvation
energy/SlogP ratios show a similar profile, suggesting that miRNA can target the same pathway.
Further studies are needed to develop effective therapies based on miRNAs.
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