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Ischemic heart disease (IHD) is a major cause of mortality and morbidity worldwide, with novel therapeutic
strategies urgently needed. Endothelial dysfunction is a hallmark of IHD, contributing to its development and
progression. Hypoxia-inducible factors (HIFs) are transcription factors activated in response to low oxygen levels,

playing crucial roles in various pathophysiological processes related to cardiovascular diseases.
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| 1. Introduction

Ischemic heart disease (IHD) is a prevalent condition resulting from insufficient oxygen supply to the heart muscle,
causing significant morbidity and mortality worldwide LI2IE! Tissue survival and healthy organ function are
dependent on adequate oxygen supply. Oxygen levels may also fluctuate in tissues, depending on the metabolic
demand of the tissue and the oxygen tension in the blood. Therefore, local oxygen partial pressure acts as the
main functional regulator of oxygen homeostasis. As the first responder to hypoxia, endothelial cells lining the
microvasculature activate multiple signaling pathways to compensate for low oxygen tension, such as increased
vasodilation and the expression of hypoxia-inducible factors (HIFs) M. HIFs are transcription factors that play a
crucial role in cellular adaptation to hypoxia, and three well-recognized isoforms exist: HIF1a, HIF2a, and HIF3q,
which are encoded by three distinct genes 81, HIF1a and HIF2a share a similar domain composition 8, whereas
HIF3a has high similarity in the bHLH and PAS domains with HIF1la and HIF2a but lacks the C-terminal
transactivation domain (CTAD) 2. HIF1a and HIF2a are the most well-studied members of this family and share a
similar structure. Both are unstable under normal oxygen conditions (normoxia) due to the activity of prolyl
hydroxylases (PHDs) that hydroxylate HIFla and HIF2a, marking them for degradation. Under low oxygen
conditions (hypoxia), the activity of PHDs is inhibited, leading to the stabilization of HIFla and HIF2a. Upon
stabilization, both HIF1a and HIF2a translocate to the nucleus, where they each dimerize with the aryl hydrocarbon
receptor nuclear translocator (ARNT, also known as HIF1(3). The resulting heterodimeric complexes, HIF1
(HIF1a/ARNT) and HIF2 (HIF2a/ARNT), then bind to hypoxia-response elements (HRES) in the promoters of target
genes and activate their transcription. Although both HIF1 and HIF2 complexes bind to HREs and regulate gene
expression in response to hypoxia, they are not identical in their functions. Hifla gene transcriptions primarily
govern metabolic reprogramming, while Hif2a plays a more significant role in regulating angiogenic extracellular

signaling, guidance cues, and factors related to remodeling the extracellular matrix.

https://encyclopedia.pub/entry/47253 1/10



HIF20/ARNT Expression for Ischemic Heart Disease Therapy | Encyclopedia.pub

2. Role of HIF2a and ARNT in Vascular Endothelial Cells and
Inflammation

2.1. HIF2a Expression and Inflammation

HIF2a, also known as endothelial PAS domain protein 1 (EPASL1), is abundantly expressed in vascular endothelial
cells. HIF2a is a paralog of HIF1a (48% similarity) that also binds to ARNT 19, |nstead of being expressed in most
cell types like HIF1a, the expression of HIF2a is confined to more specific cells and tissues, such as hepatocytes,
cardiomyocytes, lungs, kidney interstitial cells, and some cell types in the central nervous system L9 HiF2a
binds to the hypoxia response element (HRE) and enhances the expression of genes for erythropoietin, vascular
endothelial growth factor (VEGF), and various glycolytic enzymes, as well as activates the transcription of a
reporter gene harboring the HRE 12, Several studies have shown that HIF1a and HIF2a proteins are similarly
induced by acute hypoxia in human lungs (4 h, 0.5% O,) at the translational or posttranslational level, but HIF1a
protein stimulation disappears because of a reduction in its mMRNA stability by prolonged hypoxia (12 h, 0.5% O,),
whereas HIF2a protein stimulation remains high and stable during prolonged hypoxia 28I, Hif2a knockout mice
experience perinatal deaths, but a small number of surviving Hif2a KO mice exhibit significant hematopoietic
defects (241,

Inflammation and hypoxia are recognized as hallmarks of many pathological conditions and have been implicated
in the pathogenesis of ischemic heart diseases. The presence of these conditions leads to the stabilization and
activation of hypoxia-inducible factors (HIFs) in inflamed cells 23Il181 |n a previously described ischemic kidney
injury model, the authors found that endothelial Hif2a, but not Hifla, regulated kidney inflammation via suppressing
Vcam1 expression 2. |schemia—reperfusion injury (IRI) of the kidneys revealed a significant increase of Vcam1
MRNA expression in endothelial cell-specific Hif2a knockout kidneys, leading to prolonged leukocyte adhesion and
transendothelial migration, which further exacerbates inflammation 12, On the other hand, the Hif2a-dependent
induction of amphiregulin expression results in faster recovery from myocardial IRl 28], and amphiregulin is known
to suppress local inflammation 9. Interestingly, global Hif2a knockdown-induced renal injury can be reversed by
the restoration of HIF2a in ECs 17,

Inflammatory stimuli such as LPS have been shown to significantly decrease HIF2a expression and increase the
infiltration of inflammatory cells into the heart and the lungs. However, HIF2a induction through inactivating PHD2
reverses LPS-induced cardiac dysfunction 29, Conversely, endothelial Hif2a deletion has been found to increase
inflammation and induce lung vascular leakage 21, It was reported that LPS stimulation enhances the expression
of PHD2, leading to a decrease in the levels of Notch3 and HIF2a. However, this reduction in HIF2a and Notch3
expression was reversed by the overexpression of Sirtuin 3 22, Mechanistically, LPS stimulation suppresses the
expression of Sirtuin-3, HIF2a, and Notch3 while promoting the expression of PHD2 and ang2 (Figure 1).
Interestingly, the overexpression of Sirtuin 3 stimulates the expression of Ang-1/Tie-2 while reducing the expression
of ang2 [22123] Additionally, Sirtuin 3 overexpression induces the expression of HIF2a and Notch3 [22123] Based on
the above experimental evidence, it suggests that the induction of HIF2a may limit inflammation and promote

endothelial cell survival by preserving the barrier integrity (Figure 1). Although the function of HIF2a in tissue
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inflammation has been studied in multiple organs and disease models, most studies suggest that HIF2a is

protective in acute organ injuries but oncogenic during tumor development.
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Figure 1. Cardioprotective role of endothelial HIF2A expression. LPS stimulation increases the expression of
PHD2 and limits the amount of HIF2A via the hydroxylation-dependent degradation of HIF2A. In the absence of
HIF2A, inflammatory genes are transcribed and generate excessive ROS. Consequently, it increases endothelial
cell apoptosis and loss of the endothelial barrier function (Right panel). The inhibition of PHD2 results in the
accumulation and translocation of HIF2A into the nucleus. HIF2A binds to ARNT, limits the expression of
inflammatory genes, and subsequently decreases ROS generation. The inhibition of ROS production and

inflammation prevent endothelial barrier dysfunction.

2.2. The Role of ARNT in Heterodimeric Transcription Factors and Endothelial Cell
Function

The aryl hydrocarbon receptor nuclear translocator (ARNT), also known as HIF1[, is a transcription factor and
belongs to the basic helix-loop-helix Per/Amt/Sim (bHLH-PAS) superfamily of transcription factors (24, Both the
HIFa and HIF1pB (ARNT) proteins share a common structural bHLH domain, which is responsible for dimerization
and DNA binding 28], As a NLS-containing transcription factor, ARNT was first identified as a factor required for the
nuclear translocation of the ligand-bound aryl hydrocarbon receptor (AHR) [28, ARNT is necessary for the
generation of heterodimeric transcription factors with HIF-1 and HIF-2 alpha subunits and regulates the expression
of genes involved in cell survival, proliferation, angiogenesis, and metabolism under hypoxia conditions 27281 For
example, in mouse hepatoma cell lines, the induction of HIF target genes depends on the heterodimerization with

ARNT 22 and Arnt knockout embryonic stem cells fail to induce the hypoxia-dependent expression of genes 39,
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In primary endothelial cells, the loss of ARNT leads to reduced viability of the cells without affecting their

proliferation 311,

3. Potential Role of HIF2a and ARNT in Ischemic Heart
Disease

3.1. HIF2a and ARNT in Mouse Heart Development and Cardiovascular Function

Mouse heart development occurs between embryonic days E7.75-15, with various cells of different origins
contributing to heart development 2. During embryogenesis, the rapid growth of embryonic tissue increases
oxygen consumption, creating a hypoxic microenvironment 23 and activating the components of HIF (HIFla,
HIF2a, and ARNT) 2483l vascular endothelial cells are fundamentally important for heart development and are
associated with both surfaces of the myocardium. The myocardium is generally hypoxic during the early stage of
development 221361 v/ascular endothelial cell and myocardium development depend on a reciprocal interaction 7
(381 The loss of HIF activity results in both myocardial and endocardial defects during development. In vivo studies
have suggested that Hifla is essential in the myocardium but not in the endothelium for normal development of the
heart [32. Mice lacking functional Hif2a in vascular endothelial cells develop multiple cardiovascular defects,

including a thin myocardium, a disorganized endocardium, and irregular trabeculation 32,

Mouse genetic studies have revealed the critical role of HIF signaling pathways in vascular development and
pathogenesis. The genetic inactivation of Hifla or Arnt results in embryonic lethality due to abnormal vascular
development, while the inhibition of Hif2a leads to impairment in vascular remodeling and an altered cardiac
rhythm, depending on the genetic background of the mice B4l HIF isoforms are expressed at different heart
developmental stages in different cell types #2. HIF1a is mainly expressed in the cardiomyocyte, while HIF2a is
predominantly expressed in endothelial cells in the heart during embryonic development 43, Hif1a+/- mice develop
normally but show impaired physiological responses to chronic hypoxia. One strain of Hif2a-deficient mice
displayed hemorrhage and failed to maintain discrete vascular tubular structures, indicating Hif2a’s essential role in

vascular remodeling during development.

In addition to embryonic development, Hif2a plays a key role in ischemic heart disease (IHD). IHD is a condition
where the blood supply to the heart muscle is reduced, typically due to atherosclerosis or coronary artery blockage,
leading to inadequate oxygen supply to the heart tissue 44, HIF2a expression in vascular endothelial cells during
IHD has several functional consequences. For example, myocyte-specific Hif2a deletion enhances ischemic injury
in mouse models 28 One study showed that EC-specific Hif2a deletion in mice impaired angiogenesis in its
hindlimb ischemia and autochthonous solid tumor model 431481 Under hypoxic conditions, it has been observed
that the HIF2a isoform plays a pivotal role in regulating the expression of the Dil4, Adm1, and Ang2 genes 431, This
indicates that Hif2a is critically involved in facilitating complementary angiogenesis within ischemic tissue at a
mechanistic level. In addition, HIF2a induces the expression of proangiogenic factors such as vascular endothelial
growth factor (VEGF) 2. The induction of VEGF stimulates the growth of new blood vessels and facilitates blood

flow to ischemic tissues 8. A recent study revealed that the induction of HIF2a promotes endothelial cell survival
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under hypoxia and maintains the endothelial barrier integrity 2146149 These findings suggest that HIF2A
enhances endothelial cell survival under ischemic conditions. In summary, HIF2a is not only critical for embryonic
development but also plays a key role in the pathogenesis of ischemic heart disease. Its involvement in promoting
angiogenesis, inducing the expression of proangiogenic factors, and enhancing endothelial cell survival under

hypoxia highlights its potential as a therapeutic target for the treatment of IHD.

3.2. Cardioprotective Potential of ARNT and HIF2a

ARNT plays a significant role in preventing the development of cardiomyopathy and subsequent heart failure. The
cardiac-specific deletion of Arnt in mice leads to PPARa activation, dilated left ventricular chambers, and impaired
cardiac contractility, resembling diabetic cardiomyopathy Y. Furthermore, the endothelial cell-specific deletion of
Arnt results in increased cardiomyocyte size and impaired cardiac contractility 1. ARNT also protects against
cardiac, renal, and liver fibrosis by acting through the FKBP-YY1-ARNT-ALK3 signaling pathway 2. The deletion
of Arnt promotes fibrosis by increasing collagen 1A1 and MMP9 production B3, The inhibition of FKBP12/YY1
increased ARNT expression, reducing organ damage in renal, heart, and liver fibrosis models 2455, These
findings underscore ARNT'’s protective role in the development and progression of heart failure, making it a
potential therapeutic target for ischemic heart failure and the treatment for maladaptive cardiac fibrosis in chronic

inflammatory heart diseases.

HIF2a is highly expressed in vascular endothelial cells and regulates the expression of target genes responsible for
vascular function and angiogenesis 2. Population genetic and animal model studies suggest that HIF2a is a
critical regulator of several cardiovascular diseases 423056l |ndeed, HIF2a plays a crucial role in maintaining
vascular integrity. For example, endothelial cell-specific HIF2a deletion increases vascular permeability in multiple
organs, including the lungs 43, In ischemia—reperfusion injury of the kidneys, activation of HIF2a by using PHD
inhibitor FG4487 protects against renal failure B2, Similarly, the use of I-mimosine and dimethyloxalylglycine, which
inactivate prolyl-4 hydroxylases, thereby activating HIF signaling, protects mouse kidneys from injury induced by
ischemia—reperfusion in the kidneys 28, HIF is considered a central component of ischemic preconditioning of the
heart, in which repetitive short exposure to ischemia and reperfusion is given before a subsequent long exposure
to ischemia and helps to preadapt the myocardium to activate protective mechanisms. Several studies have shown
the cardioprotective effects of HIF activation during ischemic injury B2, The induction of HIF2a provides protective
mechanisms in cardiomyocytes’ adaptation to chronic hypoxia 9. Furthermore, the deletion of HIF2a, rather than
HIF1a, demonstrates the essential role of HIF2a in myocytes for improving the tolerance to myocardial ischemia—
reperfusion injury. This is achieved through the upregulation of its specific target gene, amphiregulin 18, In
contrast, the induction of HIF2a by inactivating PHD2 protects the mouse heart from acute ischemia—reperfusion
injury Bl As HIF2a is highly expressed in endothelial cells, the activation of HIF2a in these cells, either by
inactivating HIF2a-degrading enzymes, such as PHD2, or by overexpressing HIF2a, could provide a novel
therapeutic approach for the treatment of cardiovascular disease. However, the role of endothelial HIF2a in

ischemic heart diseases requires further investigation.
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