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Abstract

Aryl hydrocarbon receptor nuclear translocator (ARNT), also known as hypoxia-inducible factor-1 beta
(HIF-1β), is a transcription factor that functions as a master regulator of glucose homeostasis. We have
previously demonstrated that ARNT expression is highest in the heart, where it is required for
maintaining normal cardiac metabolism and cardiac function. Diabetes is associated with a loss of
ARNT, although the specific role of ARNT in the diabetic heart is still unknown. Diabetes is also
characterized by endothelial dysfunction. Thus, investigating the role of endothelial ARNT in diabetic
cardiovascular disease could lead to new therapies for treatment or prevention.
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Introduction
Cardiovascular disease is one of the major causes of morbidity
and mortality in diabetic patients. In fact, almost 80% of deaths
in diabetics are caused by cardiac complications [1-4]. Because
of the high rate of obesity and sedentary lifestyles in the United
States, the prevalence of diabetes has doubled over the past 30
years. Diabetes is one of the major risk factors that leads to
cardiovascular disease (CVD). In fact, from the perspective of
cardiovascular medicine, it may be appropriate to say,
“Diabetes is a cardiovascular disease.” However, it is still not
clear how diabetes promotes cardiac dysfunction. It is known
that vascular endothelial cells play a major role in maintaining
cardiovascular homeostasis and in patients with diabetes,
endothelial dysfunction appears to be a consistent finding. The
transcriptional activity of hypoxia-inducible factor- 1 (HIF-1) -
a heterodimer of HIF-1α and ARNT (HIF-1β) – plays a crucial
role in the heart’s response to ischemia and is essential for
glucose metabolism [1]. Regarding the role of HIF-1 in
vascular function, HIF-1α has been intensively studied, but
little is known about ARNT (HIF-1β).

The Link between ARNT and Diabetes
ARNT was first linked to diabetes in 2005 when Gunton et al.
discovered a reduction in ARNT levels in beta cells isolated
from patients with diabetes. Out of five genes identified to be
important in beta cell function, ARNT was observed to have
the most significant impact [3]. ARNT has further been
revealed to play a major role in maintaining glucose-stimulated
insulin secretion from pancreatic beta cells [5]. Interestingly, a
reduction in ARNT levels has also been found in livers isolated
from both diabetic human patients and from mouse models of

diabetes. Mice with liver-specific ablation of ARNT exhibit
features of type 2 diabetes, including increased hepatic
gluconeogenesis, increased lipogenic gene expression, and low
serum beta-hydroxybutyrate. High glucose and insulin levels,
in addition to insulin resistance may be associated with a
reduced expression in ARNT in the livers of humans with type
2 diabetes [6]. Consistent with these previous results, we have
found a significant reduction in ARNT expression in the hearts
of diabetic mouse model, and specific deletion of ARNT leads
to a phenotype that mimics diabetic cardiomyopathy. We have
identified a role for ARNT as a critical cardiac metabolic
mediator that regulates cardiac function through a PPARa
pathway [2]. Moreover, our recent studies show a significant
reduction in endothelial ARNT in hearts isolated from diabetic
animal models, suggesting an important role for endothelial
ARNT in the diabetic heart (unpublished data). However, the
underlying mechanism in which ARNT may protect
endothelial cell function from heart failure in diabetes needs to
be further investigated.

Critical Role of ARNT in Vascular Function
Genetic data have implicated a critical role for HIF-1β/ARNT
in vascular function. Targeted disruption of the ARNT gene in
a mouse model leads to embryonic lethality between E9.5 and
E10.5, mainly due to abnormal vasculature development [7,8].
Specific deletion of ARNT in the endothelial cells of mice
(ArntΔEC mice) before the postnatal stage is also lethal, with
evidence of liver necrosis, cardiac myocyte degenerative lesion
formation, and heart hemorrhage [1]. Interestingly, the effect of
disruption of endothelial ARNT on blood vessel formation is
restricted only to the liver and heart, which may suggest
distinct roles for endothelial ARNT in different organs.
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ArntΔEC mice exhibit severe heart hemorrhage with red blood
cell accumulation in the myocardium, indicating that ARNT
deficiency in endothelial cells leads to disrupted cardiac vessel
barrier function and increased vascular leakage. A short-term
study on inducible endothelial ARNT deficient mice shows
that loss of endothelial ARNT contributes to delayed wound
healing, which may be caused by an impaired vasculogenic
response [7]. Endothelial dysfunction is mainly characterized
by a reduction in the bioavailability of vasodilators,
particularly nitric oxide (NO). Our current findings show that
deletion of ARNT in cultured endothelial cells results in
reduced eNOS mRNA levels and a reduction in NO. Thus,
these data suggest that ARNT plays an important role in
cardiac vascular function.

HIF-1β/ARNT in Ischemic Heart Disease 
Activation of hypoxia-inducible factor 1 is a critical molecular
pathway that functions as a master regulator of oxygen
homeostasis. ARNT, as the beta subunit of HIF1, is required
for its activation. Activated HIF1a dimerizes with ARNT,
generating a functional heterodimer that controls the
expression of multiple angiogenic factors. Clinical trials have
been initiated to determine the efficacy of gene therapy using
angiogenic growth factors in myocardial ischemia [8]. We have
observed impaired insulin-stimulated glucose uptake in ARNT
deleted endothelial cells. Various reports have shown that in
patients with type 2 diabetes, impaired insulin signaling in
endothelial cells reduces glucose uptake by the skeletal muscle
and leads to cardiac dysfunction [9,10]. These results indicate
that reciprocal relationships between endothelial dysfunction
and insulin resistance may be a major mediator of heart failure
development in diabetic patients. It is necessary to establish a
role for endothelial ARNT in aryl hydrocarbon receptor (AHR)
and HIF-1alpha signal transduction in the intact mouse.

Summary
Taken together, these findings indicate that endothelial HIF-1β/
ARNT is critical in maintaining endothelial function. Reduced
ARNT levels in diabetes may contribute to cardiac heart failure
and increased mortality in diabetes. Thus, the endothelial
HIF-1β/ARNT pathway may be a therapeutic target for the
prevention and treatment of cardiovascular disease in diabetes
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