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Introduction

Wound repair is a complex process that requires the 
cooperation of many types of cells and microenvironments. 
An important feature of wound healing is the apparent 
increase in microvessel density, known as angiogenesis (1). 
The formation of microvessels will bring oxygen, immune 
cells and nutrients to assist in wound healing. Hypoxia-
inducible factor 2α (HIF-2α) upregulates the genes that 

encode almost every step of angiogenesis, including the 
initiation, formation and maturation of blood vessels. 
Therefore, the overall goal of our work is to summarize the 
current progress on the relationship between HIF-2α and 
microvascular generation.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/apm-21-450). 
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Methods

We use the PubMed to retrieve for clinical studies which 
involves prospective and retrospective studies regarding 
HIF-2α. The publication date of searched literatures was 
from the inception of databases to 2021 and there were 
no restrictions on publication regions, languages or types. 
The following MeSH terms and their combinations were 
used in[Tittle/abstract]: “Hypoxia-inducible factor 2α” OR 
“Angiogenesis” OR “target genes” OR “clinical trial” OR 
“chronic wound”.

Structure and function of HIF

HIF is considered to be the most important regulator of 
the cellular response to hypoxia, and has the function of 
regulating the expression of genes related to hypoxic stress 
in tissue cells. In 1993, Semenza and Wang discovered HIF 
in their study of erythropoietin (EPO) (2). There are three 
subtypes of HIF, HIF-1, HIF-2 and HIF-3, and they are 
respectively composed of sequence homologous HIF-1α 
(gene coding HIF-1A), HIF-2α (gene coding EPAS1), HIF-
3α (gene coding HIF-3A) and HIF-β. The dimer consists 
of an oxygen-sensitiveα-subunit and a stable β-subunit that 
is not regulated by oxygen concentration. The α-subunit 
consists of the following structures: the amino terminal 
bHLH for DNA binding and the PAS-A and PAS-B 
domains required for heterodimerization (3). In the middle 
is the oxygen-dependent degradation domain (ODDD), 
associated with degradation of the HIF-α subunit. ODDD 
is a highly conserved domain that controls the activity and 
stability of the α-subunit, because it contains asparagine (N) 
and proline (P) residues for hydroxylation under normoxic 
conditions; the terminal of the α-subunit is the C-terminal 
and N-terminal transactivation domains (N-TAD and 
C-TAD), which are needed to activate HIF target genes. 
The existence of two different TAD ensures the α-subunits 
have common and unique regulatory properties (4). 
Under normoxic conditions, proline hydroxylase (PHD) 
hydroxylates two P residues of the HIF-α subunit, which 
requires oxygen (O2), iron [Fe (2+)] and α-ketoglutaric 
acid as co-substrate. After hydroxylation, the HIF-α 
subunit can interact and bind with von Hippel-Lindau 
tumor suppressor protein (VHL) and then degrade via 
the ubiquitin-proteasome pathway (5). In the hypoxic 
environment, PHD cannot hydroxylate the α-subunit and 
VHL cannot ubiquitinate the substrate. HIF-α translocates 
into the nucleus and binds to its corresponding heterodimer 

HIF-β to continuously produce active HIF. Next, the 
transactivation domain of the HIF-α subunit protein binds 
to transcriptional coactivator p300 and CREB binding 
protein (CBP), and HIF then has transcriptional activity, 
thus binding with the hypoxia-response element (HRE) to 
regulate the expression of various target genes (6).

HIF-1α and HIF-2α directly or indirectly regulate 
hundreds of genes and play a role in iron metabolism, 
erythropoiesis and other physiological processes. They are 
also related to the occurrence of some diseases. HIF-2α is 
mainly distributed in vascular endothelial cells and fetal lung 
fibroblasts. Through a series of target genes, such as EPO, 
plasminogen activator inhibitor 1, liver enrichment gene 1, 
etc., HIF-2α plays an important role in iron metabolism, 
erythropoiesis, angiogenesis, hypoxia adaptation, fetal lung 
maturation, liver growth and so on.

Angiogenesis

In growth and development of tissue and organ regeneration 
and many pathological conditions (7), angiogenesis plays 
an important role. It depends on interactions between 
endothelial cells, fibroblasts, macrophages and the 
surrounding extracellular matrix (ECM) (8). Angiogenesis 
can be divided into stages of rest, activation and regression. 
The resting period means that in normal, healthy tissue, 
the microvascular system is in homeostasis, in which blood 
vessels are fully perfused to deliver sufficient nutrients and 
oxygen to tissues. In addition to anti-angiogenic factors such 
as Angiopoietin-1 (Ang-1) and pigment epithelium-derived 
factor (PEDF), the body also expresses pro-angiogenic 
factors such as fibroblast growth factor (FGF) and Vascular 
endothelial growth factor (VEGF) to maintain a functional 
vascular network that neither proliferates nor weakens (9).  
When tissue is injured, the local microvascular system 
is destroyed, leading to local inflammation and hypoxia, 
which activate endothelial cells, leading to immune cell 
recruitment. The injured tissue attracts neutrophils in the 
early stage, followed by the recruitment of macrophages. 
By quantifying the degree of vascular germination in vitro,  
Pylaeva et al. found that neutrophils could inhibit the growth 
of blood vessels, by inhibiting neutrophils, interferon has 
pro-angiogenic properties (10). Gurevich et al. observed the 
process of angiogenesis in mice and zebrafish with a real-
time imaging system, and concluded that inflammatory 
macrophages play a special role in initiating and driving 
vascular germination by releasing VEGF-A. Another role 
of inflammatory macrophages in promoting angiogenesis 
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is to remove inhibitory neutrophils of wound blood 
vessel sprouting tips (11). In addition, local hypoxia 
activates the transcription of HIF-α, which promotes 
angiogenesis through a variety of mechanisms, including 
regulation of many genes and production of growth 
factors related with angiogenesis, which involve stromal 
cell-derived factor 1 (SDF-1), Ang-2 and VEGF-A (5).  
The proliferative phase of wound healing is usually the 
peak of angiogenesis (12), after which the wound healing 
process enters the remodeling stage, and the pro-angiogenic 
media in the wound gradually degrade, while the expression 
of anti-angiogenic factors, such as PEDF and Sprouty2 
protein, increase, resulting in degeneration of the vascular 
network (1,13).

HIF-2α and angiogenesis

Hypoxia not only affects the development of vascular in 
earliest steps, but also coordinates angiogenesis in adults 
under physiological and pathological conditions. The 
main regulators of O2 homeostasis are HIF-1α and HIF-
2α. Although their structure, function and regulation are 
similar, they do have different and non-redundant functions 
in development. In the process of angiogenesis, most of the 
research has been on HIF-1α, although increasing research is 
showing that HIF-2α is also very important in angiogenesis. 
Testis-specific gene antigen 10 (TSGA10) is a normal kind 
of protein which over expresses in most cancers，it has 
been proved to exert potent inhibitory effects by disrupting 
HIF-1α axis. HIF-2α (EPAS1) is highly homologous 
to HIF-1α, and has a preferential expression pattern in 
endothelial cells. Contrary to HIF-1α, EPAS1 is mainly 
expressed in vascular endothelial cells. According to the 
research of Amoorahim et al., based on their analysis, the 
binding affinity of TSGA10 to HIF-2α was proved (which 
leads to the inhibition of HIF-2α). It is speculated that the 
overexpression of TSGA10 may lead to the inhibition of 
angiogenesis by blocking HIF-2α in endothelial cells (14).  
By the analysis of cultured HIF-2α-deficient ECs Skuli et al.  
did, the mechanism of HIF-2α regulating the process 
of pathological angiogenesis and revascularization may 
be related to HIF-2α-dependent expression of specific 
angiogenic factors, which involve angiopoietin 2, a Notch 
ligand and delta-like ligand 4 (Dll4) (15). HIF-2α directly 
or indirectly regulates the expression of many genes, the 
induced genes involving angiogenesis are upregulated, 
such as basic fibroblast growth factor (bFGF) (16), vascular 
endothelial growth factor A (VEGF-A) (17), and tumor 

necrosis factor alpha (TNF-α), platelet-derived growth 
factor (PDGF) (18), extracellular matrix (ECM) also plays 
a certain role in angiogenesis, and MMPs is one of the 
main proteases involved in ECM degradation, HIF-2α can 
also promote angiogenesis by regulating the expression of 
MMPS (19).

HIF-2α knockout models

HIF-2α expresses highly in vascular endothelial cells and 
it can activate the expression of target genes, and its target 
products can regulate angiogenesis and the function of blood 
vessel. Peng et al. observed that HIF-2α mutant mouse 
embryos showed severe defects in vessel and bleeding in the 
embryo and the yolk sac, indicating that HIF-2α is necessary 
for normal remodeling/maturation after angiogenesis (20). 
In 2009, Skuli et al. introduced a mouse model with HIF-
2α-deficient endothelial cells, which showed increased 
vascular permeability, abnormal ultrastructure of the 
endothelial cells, pulmonary hypertension, slower tumor 
growth, decreased angiogenesis, and impaired expression of 
angiogenic genes encodingangiopoietin-2, kinase insertion 
domain receptor (kdr/flk-1), fms-associated tyrosine 
kinase-1 (flt-1) and dll4 (21). Martín-Aragón Baudel et al.  
found that by exogenous administrationoftheHIF-2α 
target, EPO, can promote blood vessel generation and 
nerve regeneration after neonatal ischaemia in rats. Thus, 
prioritizing the activation of the HIF-2α-dependent arm 
of hypoxia adaptation may represent a novel strategy to 
minimize the damage related with ischemic stroke and 
promote nerve repair and regeneration (22). In 2018, Amin 
et al. found that HIF-2α knockout mice died immediately 
after birth, and the number of endothelial cells decreased. 
Immunohistochemical results showed that the decrease in 
the number of endothelial cells weakened the activity of 
proliferation and angiogenesis, which was the reason for 
the damage of the alveolar structure in new born mutant 
mice (23). The factor eukaryotic translation initiation factor 
3 subunit e (eIF3e), which is a hypoxia-independent down 
regulator of HIF-2α, by promoting hypoxia-dependent 
down-regulation of HIF-2α, the silencing of eIF3e leads to 
angiogenesis. In 2015, the experimental results of Takuya 
Hashimoto et al. suggested that in the hindlimb ischemia 
model of living mouse, a single intramuscular injection of 
eIF3esiRNA expression plasmid significantly enhanced the 
perfusion of ischemic injured limbs on the 7th day, which 
proved that the silencing of eIF3e in mouse primary skeletal 
myoblasts led to the stability of HIF-2α and up-regulation 
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of angiogenesis and transcription (24). In summary, these 
results emphasize the important role of HIF-2α plays in 
the development of blood vessel, and it is related to the 
expression of angiogenesis-related genes mediated by  
HIF-2α.

HIF-2α target genes

HIF-2α upregulates the genes that encode nearly all steps 
of angiogenesis, which involves initiation, angiogenesis as 
well as maturation. The most important vascular generation 
factor, VEGF as well as its receptors VEGFR-1, VEGFR-2, 
are directly induced by HIF-2α through binding to its 
HRE under anoxic conditions (25). VEGF is not only 
the most important specific regulator of endothelial cell 
growth and differentiation, but also the survival factor of 
endothelial cells. It exists in several isotypes, which are 
derived from genetically through selective splicing. VEGF 
is the most crucial part of angiogenesis, regulating nearly 
all steps of angiogenesis, involving angiogenic switch, 
vascular instability, tip cell formation, vascular permeability 
initiation, and endothelial cell migration and proliferation 
in the process of neovascularization. Although HIF-1α as 
well as HIF-2α can both induce VEGF family-related genes 
expressing in the hypoxic tumor microenvironment, many 
studies have shown that HIF-2α is more likely to bind to the 
promoter of VEGF and highly related to the expression of 
VEGF (26). Other studies have shown that the expression 
of the VEGF receptor is also significantly increased in 
hypoxic and ischemic tissues (27).

Recent studies have shown that HIF is also involved 
in the regulation of Jag2 and Dll4 ligands in the Notch 
signaling pathway, which plays an important role in 
tumor angiogenesis (28). The Jag2 ligand is mainly 
affected by HIF-1α ,  which increases the extent of 
neovascularization, whereas HIF-2α mainly affects the Dll4 
ligand. Dll4 prevents excessive sprouting of endothelial 
cells by inhibiting the expression of VEFGR-2 and the 
formation of tip cells, while ensuring the formation of the 
neovascularization lumen, promoting vascular functional 
maturation, and then remodeling of vascular function (29). 
In addition to the above mentioned differences in the target 
genes regulated by HIF-1 and HIF-2, the mechanisms of 
regulating angiogenesis are also different under different 
oxygen concentrations (30). Some studies have exposed 
human pulmonary artery endothelial cells to different 
oxygen concentrations. The study results revealed that the 
proliferation of endothelial cells increased in a considerable 

amount in hypoxia environment, and it was found that 
the expression of HIF-1α and HIF-2α increased at 5% 
oxygen concentration, while only the expression of HIF-2α 
increased at 10% oxygen concentration. This shows that in 
the case of moderate hypoxia, endothelial cell proliferation 
and angiogenesis are mainly induced by HIF-2α (31). In 
addition, HIF-2α induces the transcription of endothelial 
nitric oxide synthase in HMEC1 and human umbilical vein 
endothelial cells under hypoxia by preferentially binding to 
the HRE in the endothelial nitric oxide synthase promoter 
(eNOS). Nitric oxide (NO) not only plays an important role 
in stimulating angiogenesis, but also plays an important role 
in vasodilation and vascular normalization. Other HIF-2 
target genes involved in angiogenesis include the adenosine 
A2A receptor and EPO, which is a vascular generation 
factor that promotes the proliferation, migration as well 
as angiogenesis of cell in human pulmonary microvascular 
endothelial cells (32).

Clinical significance

In recent years, some new directions have been found 
for the degradation of HIF-2α and the decrease in 
transcriptional activity. HIF-2α and vascular endothelial 
growth factor are closely related to the progression of 
malignant tumors An abundance of tumor-associated 
macrophages is associated with poor clinical outcome in 
numerous human cancers, including breast, ovarian, and 
prostate cancer tumor-associated macrophages contribute 
to tumor progression, in part, through their section of the 
potent angiogenic molecule vascular endothelial growth 
factor (VEGF), which is driven largely by the low O2 
concentration within the tumor microenvironment (33). 
Besides, one of the basic components of inflammation 
observed in the synovium of the RA joint is the strong 
proangiogenic drive and the expression of VEGF. This 
driving force of angiogenesis is clearly responsible for the 
formation of growing pannus in the joint. Studies have 
shown that hypoxia is the main cause of angiogenesis in RA, 
promotes angiogenesis and inflammatory cascade in RA, 
and leads to the occurrence of RA tendon disease (34). It is 
possible that hypoxia as well as angiogenesis may also work 
for RA tendon disease. Deferoxamine (DFO) can inhibit 
PHD and prevent pyruvate modifying the transcriptional 
coactivator p300 of HIF-2α, maintaining the transcriptional 
activity of HIF-2α, promoting the expression of HIF-2α 
and angiogenesis, thus accelerating the healing of ischemic 
chronic wounds (35). Qayoom et al.’s study showed that 
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DFO could accelerate wound healing in diabetic rats by 
increasing neovascularization, reducing inflammation and 
improving wound maturation. Data showed that when DFO 
nanoparticles were mixed into Pluronic gel, the protein 
levels of HIF, transforming growth factor-β (TGF-β), 
VEGF, SDF-1α and interleukin-10 were conspicuously 
higher than other factors, and there was more collagen 
deposition and new angiogenesis in the skin tissue of 
diabetic rats treated with DFO (36).

Conclusions

In summary, the HIF pathway is considered to be the 
main regulator of O2 homeostasis, which controls the 
expression of many hypoxia target genes, for example, 
genes involving metabolism, erythropoiesis, angiogenesis, 
erythropoiesis, cell survival/apoptosis, migration and other 
tissue-specific functions. In terms of angiogenesis, HIF-
2α is necessary for normal embryonic development by 
stimulating the expression of angiogenic factors, such as 
VEGF, Ang, VEGFR and integrin. In the physiological 
and pathophysiological environment, it is essential 
for the formation of new blood vessels. However, the 
molecular mechanism of HIF-2α regulation and its role 
in angiogenesis are still not comprehensively understood, 
in-depth study of the mechanism of HIF-2α in both 
physiology and angiogenesis can give new direction to 
wound treatment. Targeting HIF-2α in wound healing has 
much clinical significance for tissue repair. To counteract 
the harmful effects of too much or too little HIF-2α signal 
by regulating the expression of HIF-2α may improve the 
treatment of wound healing in the future.
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